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EDITOR’S NOTE 


This is the last volume of the Proceedings to appear in the 
current format . Beginning with Part 1, Volume 84, the Pro¬ 
ceedings will be printed with two columns of type per page, 
rather than having the text extend unbroken between the margins. 
The new format should enhance appearance, facilitate reading, 
and, as type is set closer to all margins under this system, will 
allow more text to be printed on each page and thus effect a 
reduction in the size and publication cost of the Proceedings. 

Under this format text-figures may occupy either one or two 
columns and must be submitted at the actual size to be printed, 
which is given in the Memorandum for Authors at the back of 
this number. 

Furthermore, the Council has decided that all papers pub¬ 
lished in the Proceedings should utilize the metric system for all 
measurements and that derived units should be those of the 
Systeme International d’Unites, commonly abbreviated SI. This 
is in keeping not only with the impending change to the metric 
system in Australia in general, but also with recommendations of 
the recent Conference of Editors held under the auspices of the 
Royal Society of London, which has encouraged metrication and 
the adoption of SI in all scientific journals in an effort to obtain 
desirable uniformity. 

The Editor will require all future contributions to adhere 
rigidly to the metric system and SI. It is expected that complete 
transformation will be accomplished by Part 2, Volume 84. De¬ 
rived SI units with their names and symbols are listed in ‘ Sym¬ 
bols, Signs and Abbreviations', a publication of the Royal Society 
of London and available from them at low cost. 


J. W. Warren 

Hon. Editor 
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SYMPOSIUM: 

THE AQUATIC ENVIRONMENT AND MAN 
13 JUNE, 1968 

FOREWORD 

On 13th June 1968, the Royal Society of Victoria, the Australian Society for 
Limnology, and the Australian Water and Wastewater Association jointly sponsored 
a Symposium entitled, The Aquatic Environment and Man. The Symposium was 
restricted to a consideration of inland waters. 

It should not be necessary to point out the importance of understanding the 
characteristics of inland, fresh waters in a developing country like Australia where 
this resource is markedly limited. Surprisingly, however, support for research into 
the physical and biological properties of inland waters in this country is also mark¬ 
edly limited. Within Australia there is little support for the current International 
Biological Programme which has as one of its themes Productivity in Fresh Waters; 
there is no institution devoted to fundamental ecological studies of inland waters as 
there is in other western countries with a similar population size; and Australia, al¬ 
most alone, is not represented with the International Association of Theoretical and 
Applied Limnology. 

Inland waters have a multitude of uses: domestic, industrial, agricultural and, 
of course, for recreational facilities and the generation of electricity. The technical 
problems that engineers and hydrologists face in meeting these requirements are 
immense. The quality of water in both physical and biological parameters that is 
required for these different uses varies greatly, and the assessment of quality depends 
upon the cooperation of scientists and technicians skilled in chemistry, physics and 
biology. The political administration of both surface and subsurface water is also a 
factor. 

With these views in mind the sponsors of this Symposium brought together 
people who have approached the scientific study and the technical development of 
inland waters from different aspects. The Council of the Royal Society decided to 
publish the papers presented, in this number of the Proceedings. 

J.W.W. 
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Quality of Water 
By C. D. Parker 

Water Science Laboratories Pty Ltd, 15-21 Earl Street, Carlton 3053 

Introduction 

To the chemist, water is a well defined chemical compound, H 2 0. To the lay¬ 
man, it may be clear or turbid, coloured or colourless, hard or soft, fresh, salt or 
brackish. To the scientist, water may differ because of diverse physical, chemical, 
bacteriological and biological properties. 

It is peculiar to water, like air, that its properties are influenced more than those 
of most substances by mere traces of other materials. Most natural waters consist 
of 99 9 to 99 999% H 2 0, yet it is the remaining 01 to 0 001% which will impart 
to different bodies of water their specific properties. 

This first paper of the Symposium briefly details the constituents of water which 
determine quality, our criteria here depending on the use of the water, and the 
degree of discernment of the observer. It will show also how various environmental 
factors have a bearing on the composition of water, and will consider how these 
factors influence man’s use of the aquatic environment. 

Physical Properties 

To the layman using the public supply, such physical properties of water as 
colour, clarity, taste and odour are of major concern. These are important also in 
recreation, fish and wildlife preservation, irrigation and, though perhaps less so, 
in industry. 1 he more obvious physical consequences of chemical composition may, 
too, be of moment. Such are the ease or difficulty of lathering soap, which depends 
on the hardness of the water; and temperature, particularly important if the water 
is to be used for industrial cooling. 

Chemical Composition 

Natural waters not deliberately polluted may usually be characterized by a 
limited number of chemical determinations. Overall composition is ascertained by 
the total dissolved salts present on evaporation. These determine the salinity or 
brackishness of the water. The content of calcium, magnesium, sodium, chloride, 
sulphate and bicarbonate will have a bearing on hardness and the appropriate 
methods required for softening. 

Iron is a most important constituent where water is being considered for indust¬ 
rial or public supply. Although in most waters it is present in very low concentration 
(less than 2-3 ppm) it can cause a variety of problems, such as staining of textiles 
or household washing, and dirt complaints from consumers. The condition of the 
iron varies: it may be present in the reduced or oxidized form, it may be complexed 
with organic matter or silica and may be in true or colloidal solution or in the 
precipitated form. Iron and manganese can both cause corrosion and blockage 
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troubles in distribution pipes through bacterial activity. So iron is perhaps the chief 
nuisance constituent of water. On the other hand it is necessary for plant and animal 
growth, and if it is expected that a body of water should maintain a biological popu¬ 
lation then the traces of iron present are vital. 

Dissolved silica is also a problem when water is to be used for steam raising in 
boilers. Silica and the hardness constituents form scale on boilers which must be 
removed. Again the acidity or alkalinity and pH of waters vary considerably and 
have a considerable bearing on their use. Some waters off peaty areas are highly 
acidic; groundwaters may also be acidic due to bacterial activity. On the other hand, 
water from limestone areas may be quite alkaline. The pH of waters has a bearing 
on their chemical and biological character. 

Until recently little account was taken of the content of nitrogen and phosphorus 
compounds in water, but now these constituents are recognized as of major import¬ 
ance in the behaviour of stored water. In identifying quality, it is necessary to 
ascertain the organic, ammonia, nitrite and nitrate content. In stored water most of 
the nitrogen near the surface is present as nitrate, whereas at the lower levels it may 
be present as ammonia. High concentrations of nitrogen arc usually due to pollu¬ 
tion from sewage or organic type industrial wastes, although some may come from 
runoff from fertilized fields. Apart from their influence on plant growth nitrates in 
excess concentration can be responsible for infant methaemoglobinaemia. While 
concentrations seldom reach toxic limits in surface waters, pollution of ground 
water can lead to excessive levels. 

Phosphate in high concentration is also usually related to sewage pollution, 
although runoff from agricultural areas where phosphate fertilizers have been used 
may account for moderate levels in some surface waters. 

Water, particularly in public supplies, may contain traces of iron, copper, lead 
and zinc or lime picked up from the pipe lines. Soft waters of low pH are particu¬ 
larly aggressive and can dissolve significant concentrations of iron, lead, zinc and 
copper from metallic pipes or fittings. It is the practice in Melbourne to use asbestos 
cement or cement-lined steel water pipes, and these pipes when new usually add 
lime to the water with consequent rise in pH, often from 6-7 to 8-9. 

Water also contains dissolved gases, oxygen, C0 2 and H 2 S, and the content of 
these can have marked effects on quality. The most important is the content of 
dissolved oxygen. A minimum content of oxygen is essential for fish life; the absence 
or presence of dissolved oxygen will determine the appearance and degree of odour 
arising from the water; the proliferation of different types of bacteria also depends 
on the oxygen level. 

Carbon dioxide is present to 0 03% in the atmosphere and is soluble in water. 
All waters contain some COo, the content depending on the dissolved salts present 
and the source of C0 2 . This may be generated within the water body itself from 
bacterial oxidation of organic matter accumulated either from natural sources or 
from pollution. Excessive C0 2 content can be responsible for corrosive properties. 
All analytical procedures for gaseous constituents of water need to be carried out 
in the field, as considerable changes in concentration can occur when the sample is 
held or agitated after collection. 

Hydrogen sulphide (H 2 S) is found in natural and polluted waters. It may occur 
in the lower depths of stored water where oxygen depletion permits the development 
of sulphide; it may also occur in underground water for the same reason. It may be 
found in water polluted by sewage or organic wastes, again due to bacterial genera¬ 
tion. 

The composition of polluted water such as sewage, industrial wastes and efffu- 
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ents after purification treatment, shows a much wider variety of constituents. The 
overall parameters usually used to assess composition of polluted waters are the 
oxygen demand to measure organic content, and total dissolved solids (T.D.S.) 
to measure dissolved salinity. The biochemical oxygen demand (B.O.D.) is particu¬ 
larly important because it measures the potential demand for oxygen if the waste is 
discharged into a stream. As some organic compounds are not subject to biological 
degradation it is necessary also to determine a chemical oxygen demand (C.O.D.), 
using dichromate for oxidation. 

Apart from overall increase of salinity a wide range of mineral salts may gain 
access to water. As a result of domestic use, in the bathroom, kitchen or toilet, 
T.D.S. are shown to increase by 200-300 ppm, and household detergents introduce 
a further variety of compounds. One of the least acceptable of these is the detergent 
base itself, which is not degradable in sewage treatment and passes on its foaming 
properties to the receiving stream. These detergent mixtures are also responsible for 
the presence of phosphate already mentioned and they contain borates which may be 
unacceptable for agricultural purposes. 

Urea and food and animal protein all contribute to the nitrogen content of 
polluted waters. This is normally present as organic nitrogen and ammonia in the 
raw waste, and after purification mainly as nitrate or ammonia with small amounts 
of organic nitrogen and nitrite. 

Pollution of water may also occur from agricultural activities and these may 
introduce trace amounts of pesticides and insecticides. Industry either by direct 
discharge of trade wastes to streams or indirectly by discharge to a sewerage system 
can add a further wide variety of compounds to water. Examples are traces of the 
heavy metals iron, chromium, nickel, copper, zinc, cadmium from electroplating 
and pickling operations; soda from industrial scouring operations; a variety of 
complex organic compounds from textile dyeing and the manufacture of plastics; 
petrochemicals and insecticides and highly polluting organic wastes from the food 
industries, paper-pulp manufacture and the processing of agricultural products. 

Bacteriological Content of Water 

As well as dissolved chemical compounds most waters, unless chlorinated, con¬ 
tain a varied bacterial population. These organisms may impose properties relevant 
to public health risk; to the spoilage of food and other organic compounds; to the 
development of tastes in the water itself; the development of slime in cooling sys¬ 
tems; the corrosion of concrete or metallic structures in contact with the water. Or 
they may be associated with the biological processes which bring about chemical 
transformations in underground or stored water or the purification of polluted 
waters. Most transformations in water quality are primarily due to biological 
activity. 

The bacteria of public health importance are the water-borne pathogenic organ¬ 
isms of the so called water-borne diseases, cholera, typhoid, dysentery and to a 
lesser extent the food poisoning organisms of the Salmonella group. The enteric 
polio and hepatitis viruses have also been shown to exist and to represent a health 
risk in water. These organisms are ail directly derived from sewage, but as they are 
difficult to isolate from water a more useful index of probable health risk from 
sewage pollution is the presence or absence of the coliform bacteria. The term 
‘coliform’ refers to all species of Escherichia and Aerobacter , found in large num¬ 
bers in human excreta. They persist for some time in water and can be counted by 
selective methods, in well standardized procedures. 

Apart from the risk of disease indicated by the presence of coliform bacteria, 
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these are important because of food standards recently set by countries importing 
our meat and dairy products. These standards include values for the coliform 
bacteria which make it imperative that coliform-free water be used in processing. 
Food and other organic matter is subject to bacterial spoilage and many of the 
organisms, particularly spore-forming bacteria, may be introduced from water used 
in the factory. 

Under certain conditions in water supply systems, especially where there is a 
partial deficiency of oxygen, the branched bacteria Actinomyces can multiply and 
give an earthy taste to water. 

Bacteria which are capable of sulphate reduction in water can induce corrosion 
of steel. They do this by removing the hydrogen formed at the cathode by reaction 
with the sulphate oxygen, allowing the corrosion process to proceed and thereby 
reducing the sulphate to sulphide. These organisms grow anaerobically and are 
also active in ground water where sulphate is present and there is a deficiency in 
oxygen. They can also proliferate in highly polluted waters such as sewage where 
the development of local anaerobic conditions can induce production of H 2 S, and 
this in turn can be bacteriologically oxidized by the Thiobacillus group, producing 
sulphuric acid and consequent corrosion of concrete structures. 

Other bacteria in water ( Crenothrix , Leptothrix and Gallionella ) are capable of 
precipitating small quantities of iron, causing blockage of pipes and accelerating 
corrosion on steel surfaces. Similar groups of organisms can precipitate manganese. 

Slime growths often occur on surfaces exposed to water. In the absence of light 
these growths are usually of bacterial origin and are induced by the presence of 
small amounts of carbohydrate material. The organisms are a mixed culture of 
Pseudomonas, Escherichia and Aerobacter. In full light and in running streams, 
massive slime growths can develop, again due to the presence of carbohydrate resi¬ 
dues which are often from wood pulping operations. Here the organism is the fila¬ 
mentous form Sphaerotilus . 


Other Biological Growth in Water 

In addition to bacterial organisms, the phyto- and zooplankton have important 
bearings on water quality. As both these aspects are to be covered by other speakers 
1 shall not attempt any detailed description. 

I would refer, however, to the influence of various algal forms on taste and 
odour of stored water. These are a constant threat to quality and a common source 
of consumer complaint. Synura gives rise to cucumber tastes, Anabaena, to grassy 
or mouldy tastes. Some blue-green algae are toxic to livestock. Other blue green 
forms such as Lyngbya and Oscillatoria form massive matts of growth on the water 
surface and then decay, giving putrefactive odours. A recent case at Launceston 
showed that complaints of dirt in hot water supplies was due to the flocculant effect 
of heat on masses of the organism Sphaerocystis. No such trouble arose from the 
cold water supply. 

Controlled growth of algae can, however, play quite a different role. In highly 
polluted waters such as sewage and industrial waste held in ponds, controlled algal 
growth is important in purification. In fact it has been suggested that the prolific 
growth of algal cells might be harvested as a food supply for livestock or even for 
human consumption. A considerable amount of work has been carried out at the 
University of California but difficulties arise in achieving economic recovery of the 
algal mass. 
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Factors Influencing Water Quality 

It is now obvious that different waters may differ vastly in composition and gen¬ 
eral properties, and hence pertinent to consider briefly the reasons for this. Prim¬ 
arily, the geology of the area, and the composition of the soil over or through which 
water travels affect its chemical composition. Water collected over densely forested 
granite catchments will be soft, of low pH and low T.D.S. Water from limestone 
areas will be alkaline and higher in solids. Drainage water from irrigation areas will 
be high in all dissolved solids, sulphate, chloride, bicarbonate. Water from wells 
and bores varies considerably in quality: shallow wells may contain quite soft water 
where the source is direct rainfall, but it may be subject to considerable local pollu¬ 
tion producing a high bacterial count. Deeper bores may have a higher solids con¬ 
tent but be bacteriologically almost sterile. A current study of ground water in the 
Newcastle area in N.S.W. has shown that very localized zones of indurated or iron 
bearing sand can considerably influence water composition. 

The next factor influencing quality is the character of the reservoir or source: 
that is, whether the water is free flowing as in a stream, is impounded in a lake or 
reservoir or is held underground. Marked changes of quality occur when river water 
is impounded. Generally speaking, prolonged storage in the absence of any external 
pollution brings about less turbidity, fewer suspended and colloidal solids and a 
lower coliform count. The quality of Melbourne water supply is dependent very 
largely on the transformations effected by lengthy storage of the stream water. 
Improvement to drinking water quality with regard to "bacterial count can be 
achieved by storage; counts of up to 100 orgs/100 ml can be reduced to values of 
less than 1/100 ml by 3-6 months storage. 

On the other hand, water can deteriorate when impounded. Under stable condi¬ 
tions, thermal stratification develops, often with a marked temperature profile from 
surface to bottom. The temperature differential, which may be most marked in 
summer, diminishes in autumn when the water may become isothermal. Under such 
conditions the profile becomes unstable and overturn of the contents can occur. 
With increase in temperature the thermal profile is redeveloped and the cycle 
repeated. 

Coincident with the development of thermal stratification, chemical stratification 
also develops. Organic debris settles to the bottom and a marked profile forms with 
regard to dissolved oxygen, with high concentrations at the surface diminishing often 
to zero over a wide zone at the bottom. Associated with zero oxygen levels at the 
bottom, iron accumulated as bottom insoluble deposits goes into solution as ferrous 
iron through local bacterial production of carbonic acid. The solution of ferrous 
iron leads to highly anaerobic conditions and the proliferation of sulphate-reducing 
bacteria and the production of H 2 S. Nitrogen also occurs in the form of ammonia. 

With the development of instability this oxygen-deficient, sulphide-bearing bot¬ 
tom water with its high soluble iron can be brought to the surface where it may in 
extreme cases completely deplete the oxygen content. This may result in fish kills, 
increased turbidity and even unpleasant tastes and odours. However, the ferric 
hydroxide formed acts as a coagulant and settles, with subsequent clearing of the 
whole water body. Detailed studies made on Manton Dam, the supply for Darwin, 
have shown that these cyclic changes occur with semi-tropical as well as temperate 
or cold climatic conditions and with water depths of 25-40 ft as well as with much 
deeper bodies of water. 

Chemical stratification is influenced by the original content of the flowing 
stream and by conditions at the bottom of the storage. At Koombaloomba Dam, the 
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storage reservoir for Tully Falls Hydroelectric Station in North Queensland, the 
original tropical vegetation was not removed before the dam was filled. As a conse¬ 
quence very intense sulphide generation occurred at the bottom over the first five 
years’ operation. Values of 10 ppm sulphide and 5-10 ppm of ferrous iron were 
observed. As the offtake was placed near the bottom and this water was taken five 
miles down the river bed and through the steel-lined tunnels to the turbines, it had 
a disastrous corrosive effect on the steel. 

Storage usually involves accumulation of silt, organic debris and biological 
nutrients. The production of algal blooms in lakes and reservoirs due to the accumu¬ 
lated nutrients is the subject of other papers. 

Water temperature is another factor which has a considerable influence on 
quality. A current study on the S.E.C. Hazelwood cooling pond has shown very 
marked differences in the quantity and genera of algae which develop in different 
parts of the pond. Lyngbya is predominant in the hotter parts and the true green 
algae Stigeoclonium in the cooler parts. As the temperature increases with fuller 
use of the pond, increased proliferation of the matt forms of the blue green Lyngbya 
may be expected. Seasonal changes in water temperature also affect algal growth in 
natural lakes and reservoirs. 

As most water temperatures are sub-optimal for maximum bacterial fermenta¬ 
tive activity, any increases in temperature will accelerate biochemical processes 
already established. It is found that bacterial methane fermentation which is involved 
in the purification of waste water in lagoon processes proceeds much more rapidly 
at summer temperatures, and the ponds are correspondingly more efficient. 

Again, the quality of water may be affected by the way it is used. For example, 
the introduction of trace heavy metals, dissolved salts, detergents or pesticides may 
confer properties toxic to fish, wildlife or humans. Biologically degradable organic 
matter will deplete oxygen and may affect taste if the water is treated and used for 
public water supply. The growth of algae, and other biological growth will be 
stimulated. 

Alternatively, as water quality may deteriorate with use, so it may be improved 
by treatment. Conventional water treatment by coagulation sedimentation, filtration 
and chlorination reduces colour, turbidity and solids but has little effect on the 
more sophisticated forms of pollution. In general waters so treated are nominally 
unpolluted, but in U.S.A. and Europe this lack of pollution often remains essenti¬ 
ally nominal. 

In the last few years considerable research has been devoted to the development 
of practical methods for the treatment of grossly polluted waters to return them to 
quality standards suitable for reuse for various purposes such as irrigation, recrea¬ 
tion, industry or public supply. These processes have involved part or all of the 
following steps: biological treatment, coagulation, precipitation, filtration, absorp¬ 
tion on activated carbon, demineralization and chlorination. By these methods it is 
possible to bring the polluted water back to any desired level of quality, even to a 
distilled water standard. 

Influence of Quality on Water Use 

The uses of water may be broadly classified into four groups; public water 
supply, industrial water supply, agriculture, and recreation and conservation. Since 
water quality varies widely, obviously all waters are not suitable for all purposes. 
What then are the quality requirements for these four different uses of water? Where 
natural unpolluted water of high quality is abundant and available for all purposes, 
detailed consideration of water quality is unnecessary. In Australia and other places 
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where the resources of water are limited and quality variable, it is incumbent on us 
to give closer thought to quality requirements. If we are to make maximum use of 
our water we must know the minimum quality acceptable for a particular purpose. 
This involves knowledge of permissible limits for the various criteria already des¬ 
cribed. 

With regard to public water supply it has been stated in general terms that this 
shall be ‘safe and acceptable’. More precisely, this could be defined as clear and 
colourless, free from taste and odour, preferably soft but not corrosive to metals or 
concrete, and bacteriologically free from pathogenic bacteria. The most commonly 
acceptable tabulation of adequate limits is propounded by the World Health Organ¬ 
ization as International Drinking Water Standards (1961). 

Industrial requirements for water fall into three categories: for steam raising, 
for cooling vvater or for process water. The requirements for boiler feed and cooling 
are fairly uniform for most industries but process water requirements depend on the 
particular industry. Boiler feed water needs to be softened or even de-mineralized, 
and stabilized against corrosion by de-oxygenation and pH stabilization. Cooling 
water needs to be treated for corrosion control and to prevent slime formation 
(temperature of course is important). Process water needs to be completely free 
from colour, iron, aluminium and copper for the dyeing of textiles. Excessive cal¬ 
cium, magnesium, and a range of metallic ions can cause difficulties in electroplat¬ 
ing, while copper, iron and manganese are the cause of problems in the dairy 
industry. Bacterial quality of the water is important in the food and brewing indust¬ 
ries and in paper manufacture. 

Water for irrigation needs to be free of excessive salinity and in some cases such 
as the cultivation of tobacco and citrus fruit, degree of salinity is extremely critical. 
Boron is another constituent, particularly in water polluted by sewage, which is 
limiting for some agricultural operations. Apart from the influence of water quality 
on the growing crop, the soil itself can be affected. The ratio of sodium to calcium 
and magnesium can have an influence on the clay fraction of soil by decreasing 
permeability and so making further irrigation difficult. 

Quality of water in streams and lakes supporting fish and wildlife can influence 
populations. Temperature and salinity may control the type of fish which develop 
and pollution, particularly gross pollution by sewage or organic wastes, can have 
disastrous consequences for fish life. Algal growth can also create unpleasant 
aesthetic conditions and influence fish growth. All these considerations impose 
limitations on the acceptable chemical composition of such waters. 
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Factors Influencing Productivity of Lakes 
B y Ian A. E. Bayly 

Department of Zoology, Monash University, Clayton, Victoria 3168 

Summary 

A number of important inverse hyperbolic relationships exist between the standing crop 
and productivity of lacustrine biological communities, and mean depth. It is possible that the 
basis of this relationship is the association of deep lakes with areas of severe relief and high 
rates of erosion; severe erosion corresponds with low productivity, and subdued erosion with 
high productivity. 

Phosphorus, nitrogen, molybdenum and cobalt are all important in productivity and may 
exert a limiting or stimulating effect. 

The availability of carbon in one or other of several different forms (COs, HCO.-r, CO-r, 
and dissolved organic matter) has a significant influence on productivity. The importance of 
dissolved organic matter as a source of carbon should not be overlooked especially in dilute, 
bicarbonate-poor waters. 

The rate of water renewal has a significant influence on planktonic productivity. Plank¬ 
tonic and benthonic productivity should probably be considered separately—we may not be 
justified in speaking simply of lake productivity. 

(a) Morphology 

The biological characteristics of a lake, including productivity, are strongly 
influenced by the morphology of the lake basin. Several important relationships 
exist between the standing crop and productivity of lacustrine biological communi¬ 
ties, and mean depth (Rawson 1955). 

Many of you here are not biologists so I should pause briefly to explain the 
distinction between standing crop and productivity. By standing crop I mean the 
amount of living material or biomass existing at a given instant of time in a unit 
volume or area. This is a highly variable quantity; if we visited a lake at the time 
of a phytoplankton bloom, perhaps in spring or autumn, we would obtain a much 
higher value for the standing crop of plankton than if our visit had been in winter 
when no bloom was present. However, if we made regular determinations of stand¬ 
ing crop at two-weekly or three-weekly intervals throughout the year we could 
ascertain a useful average value. Productivity refers to the total amount of living 
matter produced within a unit area or volume during a certain period of time and 
is thus a rate . Sometimes the period of time is a year, when we refer to annual 
productivity. Sometimes we speak in terms of the number of milligrams of carbon 
fixed per day. Many communities that have a high productivity are also character¬ 
ized by high mean standing crops, but this is by no means universally the case. 

Returning to the influence of mean depth on standing crops and productivity 
we may note firstly that the mean standing crop of plankton expressed as numbers 
or biomass per unit volume decreases with increasing mean depth in a hyperbolic 
manner as shown in Fig. 1(a). It is quite possible for an appreciable crop of plank¬ 
ton to occur in an extremely deep lake, and this is the meaning of the ‘K’ term 
appearing in the equation in Fig. 1(a). This figure is not true of the mean crop of 
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dmerence oeiw e of the p i an ktomc material in the deeper lake. Raw- 

There is simply g a d h bolic rclaUonship with respect to area-based mean 

S ? n i- U5 rmn However if P two somewhat peculiar lakes are eliminated from his 
standing crop. Ho \ doubtfully hyperbolic. The consensus is that plank- 

plot the relationship IS only veryMtuiy ^ ^ t0 dcpth . 

tonic crops expres s h ow ^he type of relationship between fish product- 

Fig 1(a) will also ™ a *|. in thc equation implying a small but 

ivity and mean depth. Asdetorei ^ ]akes This may bc interpreted as pro¬ 
significantproductio D i a nktonic feeding from the open water region. The 

ductivity based on P“ J.. p 0 f fl sb an d mean depth can probably also be 
relationship between VDerbol l However, information on standing crop is lacking 
represented by an hyp . most 0 f t h e useful data derives from long-term 

except for very small* ’ mme rcial activity. Since we have no inland fishery of 

productivity assessed fro Australia, such data is derived from overseas, and 

much commercial significance in Ausua , 

especially from the L ? urc ", ^ t n hovv ‘ n j n Fig. 1 (b) is also a reasonable generalization 
An hyperbola such es hat s hown ^ ^ of bo , tonv|iving 0 b rganisms an(i 

of the rdahonship faetw h ^ eliminated from thc equation, implying that in 
mean depth. On this occ c£)uld ex j st , there would be a zero crop of bottom- 

an infinitely deep lake, - tb vertical sides, such as Blue Lake at Mt Gam- 

living creatures. In deep truth. It should be pointed out that the sort of 

bier, this may not be fa hold on j y w ithin a given lake district; if lakes 

relationship shown in^ Fig. ^ from different districts of the same country, 

from various parts o relationship may be obscured because of differences in 

are considered toge her C1941) and Hayes (1957) doubted the exist- 

climate and soil. , ? hi s hown in Fig. 1(b), Deevey (unpublished paper 
delivered to ThI AIBS in East Lansing in 1955, and personal communications 
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1967) now agrees that the sort of relationship between bottom crops and mean 
depth shown by Rawson (1955) is valid for circumscribed lake districts. 

The supply of nutrients to a lake is associated with the formation of soils in the 
catchment area and the extent to which they are leached (Mackereth 1966). Thus 
the potential productivity of a lake is influenced by the relative importance of 
erosion and leaching of soils. A high rate of erosion prevents the production of 
soils and brings about the deposition of nutrient elements still incorporated in 
mineral particles in bottom sediments where they are unavailable to lake organ¬ 
isms. Gentle erosion, on the other hand, allows the accumulation of soil in which 
mineral particles are held in a state that permits leaching to bring the nutrients into 
solution in a form that is biologically available. A period of severe erosion thus 
corresponds with low productivity, and subdued erosion with high productivity. 
Given a particular climate, the productivity of a lake would be partially determined 
by the topography of the catchment area, since this largely determines its erosional 
features. It is thus possible that the basis for the inverse relationship between 
productivity and mean depth is the association of deep lakes with areas of severe 
relief and high rate of erosion. Shallow lakes are usually found in the flat or rolling 
country of a mature landscape, whereas deep ones are frequently associated with 
rugged and broken country. 

(b) Phosphorus 

Phosphorus is an important constituent of proteins including DNA, and of ADP 
and ATP which play key roles in energy transfer in biological systems. It is com¬ 
monly regarded as being more important in determining the amount of living mat¬ 
erial in a lake than any other single factor (Hutchinson 1957). However, the 
existence of other almost equally important factors should not be overlooked. 

The majority of unpolluted lakes contain from 10 to 40 mg/m 3 of total phos¬ 
phorus in their surface waters. Where sewage or an appreciable amount of agri¬ 
cultural drainage enters a lake, much higher values for total phosphorus are found, 
and this is supposed to be the most significant factor contributing to the excessive 
eutrophy that usually characterizes such lakes. 

It is worth pointing out that the addition of phosphate to a lake is probably also 
equivalent to an addition of nitrate, since phosphate is a nutrient for nitrogen-fixing 
organisms such as blue-green algae. 

(c) Nitrogen 

Nitrogen is an important constituent of a wide variety of organic compounds 
and is especially important in the polypeptide linkage on which the formation of 
proteins is dependent. 

Some nitrate and ammonium nitrogen are present in the atmosphere, and are 
washed down in small quantities in rain-water. Lightning now appears not to be of 
importance in forming nitric acid. Appreciable amounts of nitrogen are fixed in the 
soil by nitrogen-assimilating bacteria, and this not only becomes available for 
terrestrial plants, but may be leached out of the soils of catchment areas into lakes. 
In addition, nitrogen-fixing bacteria and blue-green algae are active within the water 
itself. 

From the proteins of living organisms the main decomposition product is 
ammonia, but in the presence of oxygen this is quickly converted into nitrate by 
bacteria. Thus in high-oxygen waters unpolluted by human activity, nitrogen is 
present almost entirely as nitrate and typically in amounts of less than 1 mg/1. In 
eutrophic lakes, however, the amount of nitrate present is often in excess of 1 mg/1, 
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excent in the epilimnion towards the end of the summer stagnation period, and 
in oxygen-deficient hypolimnia where large amounts of ammonia are commonly 

present. 

(d) Molybdenum and Cobalt 

Molybdenum and cobalt are essential constituents of quite a large number of 
,„ 7V m, systems Molybdenum plays a part in the formation of the enzyme nitrate 
SKShtaW in nitrogen fixation. Cobalt is involved in several enzyme 
svstems and is an essential element in the vitamin B 12 or cyanocobalaminc molecule. 
y It is known that the amount of molybdenum and cobalt may limit primary 
nrnductivitv since their addition to certain lake waters stimulates photosynthesis 
?h C measurement) in in situ cultures. Goldman (1964) demonstrated this in several 
lakes in the South Island of New Zealand, and the same is very probably true of 

manv lakes in Tasmania. ,, . 

On occasion zinc, iron, and manganese can also play a limiting role in primary 

productivity. 

(e) Calcium and the Availability of Carbon 

The following classification of lakes on the basis of calcium content has been 
proposed (Ohle T934): 

< 10 nig/1 Ca Poor 10-25 mg/1 Ca Medium > 25 mg/1 Ca Rich 
Some limnologists have tended to assume that calcium content has a major 
hearing on lake productivity, and have used these designations as if they were 
productivity terms. The importance of calcium as a limiting factor for freshwater 
nroanisms that secrete relatively large amounts of calcium carbonate seems to have 
hten ndeouatelv shown Thus bivalve molluscs are characteristic of hard waters with 
more than about 20 mg/1 of calcium but are scarce or absent in soft waters with 
S™ than about 10 mg/1. It seems, however, that there has been an unjustifiable 
less Lum finding to other groups of animals, for example Crustacea, and 

hSm-dweUeS to plankton and fish. The inability of freshwater crustaceans 
irom uuu * • requirements when only small amounts are present in the 

° S hL nit seem to have been adequately demonstrated (Bayly 1964). 
water do . Qn has becn pa jd to the distribution and abundance of higher fresh¬ 

water crustaceans such as amphipods in relation to calcium. Significant correlations 
hetween calcium concentration and the presence or absence of these animals have 
been obtained. However, since there is a high positive correlation between calcium 
Mrnrhonate in dilute inland waters, similar correlations could also have been 
obfain'd Sh* bonale. In .law of the well-established importance of carbon in 
«WnLvnth«sais and as a basis for organic compounds, it is somewhat surprising 
bSbonalc h“ not becn stressed as much, if not more, than calcium. Indeed, 
n the case of planktonic crustaceans there is some evidence that carbonate and 
in the case p - fi nt ] y a ff eC t abundance than does calcium (Bayly 1964). 

CeTah! alkaline lakes that contain high population densities of planktonic crusta- 
Sins contai large amounts of carbonate and bicarbonate but very little calcium. 

seems perfectly reasonable to think that large amounts of (bi-)carbonate increase 
phytoplankton productivity by providing an almost unlimited supply of half-bound 
carbon dioxide for photosynthesis. In such cases (bi-)carbonate can be considered 
as having an important indirect effect on planktonic crustacean abundance, especi- 

alIy iVis b n V ot r a?ways CC appreciated that in very low salinity waters (< 100 mg/1) as 
much, or even more, carbon may be present in dissolved organic matter (D.O.M. 
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below) as in the form of carbon dioxide and bicarbonate. This, however, enables 
us to understand the observation that in a series of dilute, bicarbonate-poor lakes 
varying from clear to dark brown in colour, the abundance of zooplankton is usually 
greatest in the darkest of the series (Bayly 1964). This is presumably so because 
of the greater supply of carbon in the latter. The zooplankton in these humified, 
bicarbonate-poor lakes may be largely independent of phytoplankton for a source 
of carbon. There is increasing evidence that highly humified waters are characterized 
by large population densities of bacteria, and that these are of major importance in 
converting soluble organic matter into cell substance which is then directly available 
as food for zooplankton. 

There seems justification for the view that the availability of carbon, which 
might be represented in total as [CCL -f (HCO ; F-f COj) -f (C in D.O.M.)] is 
significant in lake productivity, and more so than is calcium. 

(f) Salinity or Total Dissolved Solids (T.D.S) 

Some limnologists (Rawson 1951, Larkin and Northcote 1958) have pointed 
out that there is a correlation between productivity and salinity. Basis for this is 
probably a significant positive correlation between T.D.S. and certain individual 
elements that have a more fundamental bearing on productivity. It is very doubtful 
whether salinity per se has any fundamental influence on productivity. Nevertheless 
salinity or T.D.S is fairly easily determined and may be a useful index of product¬ 
ivity where more fundamental data are lacking. In many countries, though not so 
strikingly in Australia, there is a tendency for high carbonate and bicarbonate 
values to be associated with high salinity. This being so it would seem that one of 
the important bases of correlation between T.D.S and productivity is the availability 
of carbon already discussed. 

(g) Water Renewal 

The significance of water renewal in a lake will depend on the volume of the 
lake, the area of the drainage basin, and the amount of rainfall on this area. It will 
obviously be greatest in a small shallow lake with a large drainage basin receiving 
high rainfall, becoming less significant the bigger the lake and the smaller the drain¬ 
age basin and rainfall. 

Brook and Woodward (1956) defined, as an index of the rate of water renewal, 
a replacement quotient. This is the volume of water contained in a lake, divided by 
the amount of water passing out of it during one day. These workers showed that 
where the rate of water renewal is low, planktonic population densities tend to be 
high and stable, and vice versa. Ravera and Tonolli (1956), using the less accurate 
ratio (area of drainage basin): (area of lake), have observed also that as the rate 
of water renewal increases the planktonic productivity of a lake decreases. 

In discussing calcium above I warned against extrapolating from benthonic to 
planktonic and nektonic communities. Similarly, it is clear that water renewal has 
a more profound influence on plankton than benthos because outflowing water is 
likely to be more destructive to drifters than to bottom-dwellers. It would seem 
therefore, that we are not completely justified in speaking of lake productivity as if 
it were monolithic. To be rigorous we should consider planktonic and benthonic 
productivity separately, although the correlation between the two is probably high. 

Addendum 

During the discussion that followed the presentation of this paper one Questioner 
pointed out that pH influenced the utilization of molybdenum by blue-green algae 
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and another suggested that pH might have been mentioned as a factor influencing 
productivity. In reply I pointed out that Hutchinson (1941) doubted whether it 
had been satisfactorily demonstrated that pH per se has any influence on the natural 
abundance of any aquatic animal with the possible exception of a single protozoan 
species ( Spirostomum ambiguum). 
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Eutrophication of Lakes 
By W. D. Williams 

Department of Zoology, Monash University, Clayton, Victoria 3168 
Victoria 3168 

Introduction 

At a Symposium such as this, specifically organized to promote information 
exchange between personnel in different fields, and with published Proceedings, 
speakers are on the horns of a dilemma. On the one side, there is the actual business 
of getting across in comprehensible terms the speaker’s viewpoint to a general 
audience—here the viewpoint of an academic limnologist; and on the other, there 
should be the desire to prevent needless repetition "in the literature of known 
material. One solution is two lectures: one spoken and one written. This, however, 
partly discredits the Proceedings as the published events of the Symposium. 

I take the road of partial compromise. I propose to explain some basic con¬ 
cepts relating to eutrophication, to examine some causes and effects of what we are 
pleased to call cultural eutrophication, although there is little that is cultural about 
the process in the usual sense of that word, and to discuss preventive and remedial 
practices. I will conclude by briefly discussing an Australian example. In the written 
account there is an extensive bibliography that will serve to introduce non-biologists 
to pertinent literature, with particular regard to preventive and remedial measures. 

It is pertinent to begin my address by briefly defining eutrophication. In the 
present context, I refer to the increase in lake productivity, brought about by the 
addition of plant nutrients resulting from human activities on the lake catchment 
area. 

May I further preface my address by saying that recently I attended the Inter¬ 
national Symposium on Eutrophication, held in Madison, Wisconsin (for comments 
on this, see Williams 1968a). At Madison, 250 participants were expected, and 
600 arrived. This, I believe, indicates the seriousness with which eutrophication is 
now viewed in the United States and elsewhere. A symposium such as the present 
one which includes an account of eutrophication is therefore hardly premature for 
Australia. Perhaps we have here the first indication that man’s evolving recognition 
of his ultimate responsibility for the state of this planet must not always be based 
upon hindsight. 

Basic Concepts 

Almost all energy for life on earth is derived from the sun’s radiant energy; the 
small amount of chemical energy that some autotrophic organisms use is negligible 
in comparison. Huge amounts of solar energy reach this planet: an approximate 
figure of 15 3 X 10 s cal m- 2 year- 1 is quoted by Phillipson (1966). Not all of this, 
however, is available for use, and ultimately only about 5 to less than 1 per cent is 
converted into chemical energy by the process of photosynthesis. The huge differ¬ 
ence is used in evaporating water, scattered by atmospheric dust particles, or, as 
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happens to most, otherwise lost (made unavailable) by conversion into heat or by 
reflection. 

The efficiency of fixation, the autotrophs involved, and the ecological pathways 
subsequently taken by the fixed energy vary according to the nature of the environ¬ 
ment receiving the solar energy. In lakes, three principal autotrophic components 
may be delimited: phytoplankton, periphyton, and macrophytes. The extent to 
which each contributes to the total sum of solar energy fixed is largely a function 
of lake morphometry (at least in freshwater lakes).In general, the smaller the 
lake, the greater the contribution from periphyton and macrophytic vegetation; 
conversely, in very large lakes almost all solar energy is fixed by phytoplankton. 

Part of the fixed energy is used by the autotrophs for metabolic maintenance 
(about 20 per cent), but there is a surplus used for growth, and it is this that 
supports heterotrophic organisms. The rate of chemical energy synthesis, or in 
other words the amount of carbon fixed per unit time, per unit area or volume, is 
referred to as the gross primary productivity; the amount actually available for 
heterotrophic nutrition is the net primary productivity. 

Values for primary productivity vary from lake to iake, and of course according 
to the plants involved. Two extreme values are those of Goldman, Mason and 
Hobbie (1967) and of Steemann Nielsen (1955), The former studied a saline lake 
in Antarctica and recorded a photosynthetic rate of carbon fixation of only 14 mg 
Cm- 2 day- 1 in February (summer). Steemann Nielsen, on the other hand, found 
that the annual mean value in Sollerod S<£, a Danish freshwater lake receiving large 
amounts of purified sewage, was 1,430 mg C m~ 2 day- 1 . Both these values were 
based only upon phytoplankton determinations, but as is especially shown by the 
work of Wetzel (1963, 1964) important contributions may also be made by peri¬ 
phyton and macrophytes even in comparatively larger lakes. 

Lakes with low primary productivities are in general said to be oligotrophic, 
those with high ones, eutrophic. An intermediate category, mesotrophic, is also 
defined. Other distinguishing criteria exist but need not be discussed. 

Because lakes generally act as nutrient traps as well as settling basins, the 
three categories often form an evolutionary sequence, from oligotrophic through 
mesotrophic to eutrophic. Eutrophic lakes in turn give rise ultimately to marsh¬ 
lands and then terra firma as the result of the accumulation of organic and inorganic 
material derived from geological and biological processes. It is because of this 
sequence that all but the deepest lakes are rather ephemeral ecosystems when 
measured in meaningful time units for evolution. 

Eutrophication, or the gradual conversion of oligotrophic and mesotrophic 
lakes to eutrophic ones, is therefore essentially a natural phenomenon. As such it is 
usually a slow process when measured in human life-spans, and ordinarily causes 
no concern. That it does is due to the tremendous acceleration brought about by 
certain human activities; it is this accelerated process that is referred to as cultural 
eutrophication. 

Causes of Cultural Eutrophication 

Although eutrophication is the result of an increase in the lake of nutrient 
materials, over any short time interval in a lake not subject to human influence 
there is a balance, more or less, between nutrient inflow and nutrient outflow and 
decay. The presence of man, and especially urban man, greatly alters this balance 
m m pst cases. Thus, the addition to the lake of unnaturally large amounts of nutri¬ 
ents in the form of untreated or treated sewage effluents, fertilizers, certain sorts of 
detergents, storm water and so on quickly becomes an established feature of man’s 
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occupancy of lakeside regions. Particularly important amongst these nutrients are 
certain compounds which in nature are present in limiting amounts, and especially 
implicated are nitrates and phosphates. Indeed, many remedial or preventive efforts 
centre around the removal of these anions from effluents, as I shall point out later. 
Other nutrients are implicated, but not to the same extent. Thus, in Australia in 
particular, but also elsewhere in general, some eutrophication may result from the 
mere increase in total dissolved solid content of inflows: several North American 
authors- have shown rough correlations between T.D.S. concentrations and product¬ 
ivity (Northcote and Larkin 1955, Kerekes and Nursall 1966), and it is known 
that grazing, land-clearing, and other human activities which alter the natural pattern 
ot run-ott frequently cause increased stream salinities (e.g. Wood 1924). 

1 he effect of artificial addition of agricultural fertilizers to oligotrophic lakes is 

A 1 “fby<ncl tralian cx P crimcnt of this sort was performed 
by Weatherlcy and Nicholls (1955) who added a mixture of superphosphate, 
ammonium sulphate potassium chloride and ground limestone to Lake Dobson, 
an oligotrophic highland lake in Tasmania. Following the addition, a prolific in¬ 
crease in macrophytic growth was one observed effect. 

Basically, we may conclude, cultural eutrophication is caused by man’s indiffer¬ 
ence to the natural environment, and by the (unjustified) assumption that the 
homeostasis of the biosphere will always compensate for human alteration to it. 


Effects of Cultural Eutrophication 

F °r most purposes, oligotrophic lakes are the most appealing to man. Standing 
crops ot biota are low with high biotic diversity, water blooms (very high algal 
concentrations over a given period of time) are absent or rare, water transparency 
is high, nutrients and dissolved solids are present in low concentrations, and oxygen 
occurs in the hypolimmon throughout the year. Oligotrophic lakes are frequently 
characterized by salmomd fishes (either indigenous or introduced), and amongst 
the algae by certain species of Staurastrum, Tabellaria, Cyclotella and Dinobryon. 

rom t e engineering viewpoint, water from these lakes is of high quality, and in 
c ioicc ot location, erection and subsequent maintenance of reservoirs efforts are 
made to reproduce and maintain oligotrophy (Pearsall, Gardiner and Greenshields 

J V4o). 


Eutrophic lakes, on the other hand, are characterized by high standing crops of 
biota, low biotic diversity and transparency, frequent water blooms, and high 
nutrient content. Oxygen is often completely absent from the hypolimnion during 
the summer resulting in additional release of nutrients previously bound at the 
mud/water interface under aerobic conditions. Oxygen depletion also results in the 
absence of salmonids. Algae characteristically belong to the Cyanophyceae, e.g 
Anabaena , Aphanizomenon, Microcystis, Oscillatorio , or are genera different from 
those present in oligotrophic lakes, e.g. Asterionella, Stephanodiscus , Fragilaria 
Melosira. (It should be emphasized, however, that great care is needed in the use 
of algae as indicators of eutrophy or oligotrophy.) 

These and other characteristics of eutrophic lakes are frequently more pro- 
nounced when eutrophication is cultural. Indeed the question has been raised as to 
whether the extreme conditions in some culturally cutrophicated lakes have anv 
exact natural parallel. y 

Bearing in mind the overall aims of this symposium, it is worthwhile to consider 
in more detail how the eutrophication of aquatic environments impinges upon their 
use by man. * 6 F 

The production of excessive amounts of algae may have a number of effects. 
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In waters used for industrial or municipal purposes, algal overproduction may result 
in rapid clogging of filters even after usual prefiltration techniques of coagulation 
and sedimentation. Algal blooms often result in aesthetically unpleasant slimy 
floating masses of algae which may litter beaches when blown shorewards, and 
which on decay produce objectionable odours (decaying Cladophora smells like a 
pig-sty). Floating algal masses on decay may cause fish kills as the result of oxygen 
depletion, and oxygen depletion will certainly cause the replacement of salmonids 
by other fish, a replacement generally not pleasing to the anglers. Large amounts of 
certain blue-green algae in particular impart unpleasant tastes and odours to lake 
waters, and a number of cases are known in which toxic substances liberated by 
cyanophyceaens brought about fish mortalities and the death of pastoral stock. An 
early Australian case is noted by Francis (1878). Large standing crops of phyto¬ 
plankton also, of course, impair light penetration and give rise to murky waters, or 
at least waters far removed from ‘clean blue lake waters’ mentally associated with 
aesthetically pleasing inland lentic waters. 

The extensive growths of submerged or emergent macrophytes characteristic of 
highly eutrophic lakes are of nuisance value when they hinder boating, swimming, 
fishing, water-skiing or other recreational activities associated with water. Further¬ 
more, macrophytes play a major role in the extinction of lake basins, and there is 
some evidence that submerged macrophytes promote infections of ‘bather’s itch’ in 
that a suitable environment is provided for intermediate snail hosts. The mere 
physical effect of the presence of macrophytes may also provide a suitable environ¬ 
ment for such nuisance insects as mosquitoes. 

It is unnecessary to discuss the numerous examples of culturally eutrophicated 
lakes to illustrate some or all of these effects. Nevertheless, the aims of this Sym¬ 
posium suggest that a brief and documented survey of eutrophicated lakes—albeit 
selective—may not entirely be out of place. Hasler (1947) provides a comprehen¬ 
sive source of examples up to 1947. 

An unusual and interesting example of cultural eutrophication during Roman 
antiquity is recorded by Cowgill and Hutchinson (1964). Sediment cores from 
Lago di Monterosi indicated a rapid change from oligotrophy to cutrophy during the 
third century B.C. and this change may be correlated with increased inflow of nutri¬ 
ents following the construction of the Via Cassia. 

Nearer the present, mention may be made of Ziirichsce in Switzerland. Incipient 
eutrophication began about 1896 and was characterized by a bloom of Tabellaria 
fenestrata (Lyngbye) Kiitzing, hypolimnetic oxygen depletion, the disappearance of 
the profundal fauna, and the occurrence of winter blooms of Oscillatoria rubescens 
de Candolle (Hasler 1947, Ruttner 1963). Eutrophication continues and Thomas 
(1965) describes how a further nuisance alga, Hydrodictyon reticulation (L.) 
Lagerheim appeared in considerable quantities for the first time in 1961. 

Tabellaria fenestrata has also appeared in Lake Windermere in the English 
Lake District together with Asterionella and various blue-green algae such as Ana - 
baena and Coelosphaerium. Prior to about 1910, when the great lakeland influx of 
visitors and new residents began, biue-green algae were rare (Annual Reports of 
the Freshwater Biological Association 1937-46, Pennington 1943, Hasler 1947). 

In North America, perhaps the most discussed examples are the series of four 
lakes at Madison, Wisconsin: Lakes Mendota, Monona, Waubesa and Kegonsa (e.g. 
Sawyer 1947, Mackenthun and Ingram 1964). Originally the Madison sewage plant 
effluent was discharged into Lake Waubesa, and this lake not surprisingly developed 
heavy algal blooms. Investigation showed that 75 per cent of total inorganic nitro¬ 
gen and 88 per cent of total inorganic phosphorus entering Lake Waubesa came 
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from the sewage effluent. Nowadays this is diverted by conduit around the lakes 
(Frey 1963). 

Lake Zoar, Connecticut (Benoit and Curry 1961), Lake Tahoe, Nevada/Cali¬ 
fornia (Ludwig, Kuzmier, Czak and Carter 1964), and Klamath Lake, Oregon 
(Phimney and Peek 1961) are further North American examples. The largest 
examples of interest are undoubtedly Lakes Erie and Ontario, the eutrophication of 
which has been discussed by Beeton (1961, 1965) and Davis (1964). The deple¬ 
tion of oxygen in Lake Erie was discussed recently by Carr (1962) who noted that 
at present ‘hundreds of square miles of the bottom waters have no detectable oxygen 
during part of the year’, a condition which appears to have become more prevalent 
over the past thirty years. 

In an age of wholesale unconcern towards conservation of the natural environ¬ 
ment, immense political inertia, and multiplicity of involved interests, a most prom¬ 
ising example of what can be done to combat cultural eutrophication is presented by 
Lake Washington, Seattle (Edmondson, Anderson and Peterson 1956, Anderson 
1961, Edmondson 1966). Since 1946 the human population around this lake has 
increased rapidly, and as a result increasingly larger volumes of sewage effluent 
have been added to the lake waters. In 1955, a bloom of Oscillatoria rubescens 
was recorded, a notorious indicator of eutrophication, while over the period 1933- 
1965 there has been a gradual decrease in transparency with increases in algal 
numbers and phosphate and nitrate concentrations. Following extensive political 
manoeuverings (a readable account is given by Clark 1967), a large sewage diversion 
scheme was begun about 1961. It is not yet quite finished, but already there are 
indications that at least the rate of eutrophication has decreased and even that there 
have been ‘improvements’ (e.g. increased transparency) in certain characteristics. 

Preventive and Remedial Measures 

It is appropriate here to begin by briefly outlining some parameters used to 
determine degree of eutrophication. Some qualitative indications have already been 
mentioned with respect to algae and because of the cosmopolitanism of freshwater 
algal species (Lund 1965) these may be applicable in Australia. Faunal changes 
may also provide useful qualitative indications, but their use in Australia is difficult 
since the fauna is so highly endemic (Williams 1968b). Quantitative biological 
parameters include determinations of primary productivity, standing crops, phyto¬ 
plankton pigment concentrations, and relative proportions of given species. Quantita¬ 
tive physical-chemical parameters are sediment core analyses, and determination of 
hypolimnetic oxygen deficits, transparency, dissolved solid content and concentra¬ 
tions of particular nutrients especially phosphates and nitrates. It should be empha¬ 
sized, however, that no single parameter provides an absolute yardstick: rather it 
is a combination of measurements compared between lakes that allows meaningful 
conclusions. 

Knowledge of basic concepts leads easily to the most obvious and fundamental 
preventive measure: all nutrient material should be denied access. Unfortunately, it 
is not always possible to do this, but one way around the difficulty is to remove 
from effluents the two nutrients most implicated in eutrophication, nitrates and 
phosphates. Chemical engineers have provided methods for this; thus phosphates 
can be almost eliminated using aluminium sulphate (Lea, Rohlich and Katz 1954, 
Curry and Wilson 1955, Malhotra, Lee and Rohlich 1964), ferric chloride and 
sulphate (Thomas 1955), alum and activated silica (Neil 1957), lime (Owen 
1953) or other coagulants. Nitrates are less easily removed chemically, but McGau- 
hey, Eliassen, Rohlich, Ludwig and Pearson (1963) report on a method developed 
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by Nesselson involving ion exchangers. Other methods of nutrient removal include 
pre-blooming in artificial ponds, and in special cases complete distillation. Where 
nutrient removal is not attempted, the effect of effluents upon the lake can sometimes 
be mitigated by their discharge near the lake outflow. 

Knowledge of basic concepts also suggests a number of internal remedial meas¬ 
ures once eutrophy has arrived. Thus, intensive removal of fish, algae or macro¬ 
phytes effectively decreases the total nutrient content and may be expected to cause 
decreased eutrophication rates and some improvement in nuisance conditions. In 
stratified lakes removal of hypolimnetic water rich in nutrients during the summer 
stagnation period is also a recommended procedure. It is necessary to add, however, 
that once eutrophication has occurred man may never be able to reverse the process. 

Many current remedial measures for alleviation of nuisance characteristics are 
far less fundamental in character. Principally these are of a mechanical or chemical 
nature. Mechanical control with cutters largely applies to rooted macrophytes, 
whereas chemical control using a wide variety'of organic and inorganic poisons 
applies to macrophytes, phytoplankton and various nuisance animals. In the past, 
chemicals chiefly used were inorganic, mainly copper sulphate for algal control and 
sodium arsenite for submerged macrophyte control, but now organic poisons are 
perhaps more frequently involved. With both sorts the attendant long-term changes 
to the aquatic fauna as well as to man cannot be emphasized too strongly, and it 
should also be emphasized that poisoning can be only a short term measure. 


Cultural Eutrophication of Lake Wendouree, Ballarat 

The problem of cultural eutrophication is not yet ordinarily of great moment 
in Australian lakes, although this picture may be expected to change in the future 
(Williams 1967). Largely this favourable situation results from the unique distribu¬ 
tion of the Australian population; most Australians live near the coast and conse¬ 
quently urban and industrial effluents are discharged directly into the sea (where, 
however, localized marine eutrophication may be a danger, vide Gilmour 1965, 
Higginson 1966). However, cultural eutrophication is occurring in several Austra¬ 
lian freshwater lakes and Lake Wendouree at Ballarat, Victoria, appears to be 
one of them. 

Lake Wendouree (PI. 1) is a small, shallow, artificial lake constructed late last 
century upon the site of a natural marsh. Its area is slightly less than 250 ha, its 
average depth is about I m, and its maximum depth when the lake is full is rather 
less than 2 m. In May 1968 total phosphates were 0 186 mg/1, orthophosphate 
was 0176 mg/1, and nitrate concentration was 0 504 mg/I (S. U. Hussainy, per¬ 
sonal communication). The lake lies within the township of Ballarat and is approxi¬ 
mately two-thirds encircled by urban buildings and one-third by parkland (the 
Botanic Gardens, and a golf course). It is used extensively by local residents for 
sailing, rowing, swimming, and fishing. Unfortunately, all of these activities are 
nowadays more and more hampered by extensive growths of submerged and emerg¬ 
ent macrophytes. The principal noxious submerged weed is Myriophyllum eluti- 
noides Gaud., but also present are Vallisneria spiralis L., Potamogeton ochreatus 
Raoul, P. pectinatus L. and P. tricarinatus F. Muell. and A. Bennett. Control of 
these and emergent macrophytes (mainly Eleocharis spacelata R. Br.) has hitherto 
been by mechanical cutting, the total cost of this having risen gradually from about 
$600 p.a. in 1944-45 to about $10,000 p.a. in recent years. 

Unfortunately, this annual harvesting of nutrients has not been as effective as it 
might have been. Some of the reasons for this appear clearly to be due to the 


EUTROPHICATION OF LAKES 


23 


inefficient methods of weed removal. Thus cut weed was left floating freely in the 
water until it drifted to the shore whereupon it was removed and stacked along the 
bank for a variable period of time until finally removed altogether from the lake 
site. Part of the cut weed, however, sank before it reached the shore and therefore 
contributed to the further enrichment of the lake; in this connection, it is noteworthy 
that in related species of Myriophyllum (M. spicatum L.) vegetative propagation 
from small parts of whole plants appears to be more significant for dispersal and 
abundance than sexual reproduction (Patten 1956). Once removed from the lake 
the weeds were often left decomposing upon the shore for a considerable time 
before final removal. This procrastination resulted, in effect, in the creation of 
large compost heaps running parallel to the shoreline. The nutrients from these no 
doubt quickly leached into the lake. 

In 1964 I was approached by Ballaarat City Council who requested advice. 
Following a short visit to the lake I made the following suggestions and it is perhaps 
not without interest if they are reiterated here: 

1. Bank erosion should be guarded against. 

2. Siltation ponds should be erected on inflows to prevent further entry of 
silt. 

3. No sewage or organic matter should be allowed to enter the lake. Involved 
here is material in effluents from the neighbourhood of the Botanic Gardens, in 
run-off from the golf course, and in any septic effluents from the urban develop¬ 
ment. 

4. As much weed as possible should be removed from the lake at every 
opportunity. In particular, during cutting operations all practicable attempts 
should be made to remove as much of the weed from the water as soon as 
possible after cutting. This might most conveniently be effected by equipping 
the cutters with a half-emergent rake. 

5. All cut weed should be removed immediately from the lake site, including 
existing dumps. 

6. Decaying vegetable matter deposited on the lake bottom should be 
dredged and removed from the lake site. 

7. Fringing trees which are deciduous and deposit leaves in the water should 
be cut down or suitably pruned. It is clear that a considerable accession of 
organic material to the lake results from this source (many oaks, elms and 
other deciduous trees occur around the lake and in adjacent urban and parkland 
areas). 

8. Those areas in the lake where continual weed-dumping has resulted in 
the creation of a peat-like deposit rich in humus should be excavated and filled 
with sand or stones. 

Measures such as these will not rapidly alter the character of the lake. Never¬ 
theless, I believe that over a period of years they would result in some rejuvenation, 
although some seasonal weed-cutting will probably always be necessary. 

There are two other possible ways by which the weeds in Lake Wendouree may 
be controlled. These are by the introduction of weed-eating animals, and by poisons 
(Speirs 1948). 

Some animals which it is said could control the weeds by their feeding habits 
are the manatee (Trichechus sp.), a mammal, and certain species of Tilapia and 
Ctenopharyngodon (fish). Manatees, however, are rare animals, and the three 
species are confined to the Americas or western Africa (the Australian relative, 
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Dugong dugon , is a marine form confined to tropical waters and therefore unsuit¬ 
able). Tilapia and Ctenopharyngodon are forbidden imports in Australia. 

As a biologist with grave reservations concerning the long-term effect of insecti¬ 
cides, weedicides, algicides and other poisons upon the natural environment ( vide 
e.g. Rudd 1964, Dunbavin Butcher 1965), it is with considerable hesitation that I 
discuss control by poison. At best, poisoning can provide only a relatively short 
term solution. The best known poison for macrophytic control is sodium arsenite. 
However, the introduction of arsenic compounds into a lake subject to such multi- 
purpose use seems inadvisable. Many organic herbicides are now commercially 
available, and some of these are extremely effective; ‘aqualin’ for example, has 
almost completely cleared Albert Park Lake, Melbourne, of weeds. This chemical 
is also widely used by the State Rivers and Water Supply Commission to clear their 
irrigation canals of weed growth. It is, however, expensive, dangerous, apparently 
needs to be administered fairly regularly to maintain control, and is extremely lethal 

,°iS\ aS T dlCa J ed b y v,rtual 1 a ! 3S . ence of fish in Albert Park Lake, and by Jones 
0964) who showed that acrolein (apparently an alternative trade name for 

n™ } u 1S le u t0 cert ? m h f h at concentrations as low as 0 08 ppm. A figure of 
‘aquahn’ ^ mentl ° ned aS the C0St o£ P ois °ning Lake Wendouree with 

Those herbicides that are claimed to be effective against aquatic weeds but non- 
toxic to fish include diquat, paraquat’, and % 4-D’ (aqua-klecn 20). Like ‘aqua- 
hn they are expensive and need to be administered fairly regularly. The use of 
2, 4-D might be appropriate in Lake Wendouree because the area from which it is 
desired to eliminate weeds can be more or less defined. The central stands of emerg- 
ent rushes needed to protect boathouses could therefore be left in situ b 

The toxicity of numerous herbicides to fish are tabulated bv Jones (1964) inH 
Dunk (1954, 1955, 1957) has given details of the various experiments that the 
Victorian State Rivers and W ater Supply Commission has undertaken with selected 
herbicides. 
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Description of Plate 

Plate 1 

Two views of Lake Wendouree, Ballarat. Upper one shows large amounts of cut, submerged 
weed blown shorewards, a storm water drain, and fringing deciduous trees; lower one 
indicates the extent of emergent weed growth (June 1968). 









PROC. ROY. SOC. VICT. 83 PLATE 1 








4 


Administration and Management of Water Supply 

in Victoria 

By R. A. Horsfall 

Deputy Chairman, Victorian State Rivers and Water Supply Commission, 

90 Orrong Rd, Armadale, Victoria 3143, Australia 

Introduction 

The administrative framework for water supply in Victoria was not planned as 
a whole. It has evolved over the past 100 years or more to meet changing circum¬ 
stances brought about by the discovery of gold, the subdivision and settlement of 
lands between the Great Dividing Range and the River Murray, the great depres¬ 
sions of the 1890s and 1930s, two world wars, and industrial expansion. Significant 
factors over the past 10 years are the rapid growth of the Melbourne metropolitan 
complex and nearby cities around Port Phillip Bay, the developing Westernport 
area, the consolidation of irrigation production, and most recently the stresses rising 
from the State-wide drought from January 1967 until April 1968. 

The object of this paper is to examine the present situation and to present a 
few ideas on how it might be improved to cope with expected future economic 
growth. 

The Environment 

Few countries in the world have a capital city so well situated in relation to its 
hinterland as Melbourne, in Victoria. Arising from the coastal indentations on each 
side of Port Phillip Heads and the extensive sheltered waters of the Bay inside the 
Heads, the City of Melbourne and its well-managed harbour is centrally placed to 
serve an area as large at the United Kingdom. 

Highways radiate north to Echuca (129 miles), north-east to Albury (196 
miles), easterly to Genoa (320 miles), south-east to Port Welshpool (130 miles), 
south to Flinders (55 miles), south-west to Apollo Bay (116 miles), westerly to 
Casterton (220 miles) and north-west to Mildura (340 miles). 

This is a situation with considerable economic advantages and it is not surpris¬ 
ing that the population of the urban complex has increased by about 90% in the 
post-war years. 

The hinterland produces food and fibres in abundance: wool in the west; dairy 
produce in the cast, south-east, south-west and in the irrigated areas to the north; 
wheat and dried fruits in the north-west; soft fruits in the northern irrigation dis¬ 
tricts; tobacco, fabrics, wheat and wool in the lush north-east; potatoes and eggs 
in the central highlands. 

The annual value of primary production in Victoria is now nearly $1000 mil¬ 
lion. Productivity is increasing, but as machinery replaces man-power, it is under¬ 
standable that the population outside the metropolitan area has increased by only 
37% in the post-war years. 

These changes arise from the hard facts of economic survival. Although a 
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reversal of trend would seem most unlikely, significant progress in some well fav¬ 
oured areas like Geelong, Ballarat, Portland, Wodonga, Wangaratta and perhaps 
Bendigo, Sale and the Moe-Morwell-Traralgon complex is to be expected. 

The average annual rainfall in Victoria varies from 10 in. in the far north-west 
to 70 in. at Mt Buffalo and on the crest of the Otway Ranges. The greater part of 
the area to the east and south of the Melbourne-Wodonga railway has over 30 in. 
and most of the rest of the State less than 30 in. 

This is reflected in river flow to the degree that 80% is generated where the 
rainfall exceeds 30 in. and only 20% in the western sector of the State. 

Water Resources 

To avoid the utter confusion which arises from our antiquated system of weights 
and measures, I propose to use the metric ton (1000 kg or one cubic metre of 
water) which corresponds for all practical purposes to 2200 pounds, 220 imperial 
gallons and about 183 U.S. gallons. The irrigators’ acre-foot contains about 1240 
tons; so H X 1000 is a useful conversion figure. 

The total river flow in or available to Victoria is assessed at a little over 20,000 
million tons (m 3 X 10°) of which about 30% is used for water supply, including 
conveyance and evaporative losses. This calculation takes into account as available 
only half the flow of the River Murray at Albury, as augmented by net diversions 
from the Snowy, but does not include the waters of the Snowy above Jindabyne 
Reservoir, all of which come from catchments in New South Wales. 

Both rainfall and river flow are subject to wide variation, particularly the latter, 
because very little flow is generated by annual rainfall less than 20 in. On the other 
hand a very high proportion of annual rainfall in excess of 40 in. appears as stream 
flow. 

The variability of flow may be demonstrated from examination of 82 years of 
records on the Mitta Mitta River. This is fairly typical for streams coming from the 
ranges extending from the headwaters of the Plenty not far north from Melbourne 
to the source of the Murray (Indi) in the remote north-cast. 



Million Tons 
(m 3 X 10«) 

% Mean 
annual 

Mean Annual Flow—82 years 

1,420 

100 

Minimum Flows—1914-15 May to April inclusive 

254 

18 

1967-68 „ „ „ 

276 

191 

1902-03 „ „ „ 

370 

26 

1 month—March 1968 

1 

0 07 

4 months—January-April 1968 inclusive 

13 

0 9 

(0*7 demand years*) 

16 months—January 1914-April 1915 inclusive 


23 

(1*7 demand years) 

324 

28 months—January 1913-April 1915 inclusive 

1,300 

90 

(2*7 demand years) 


* Demand year = normal annual requirement. 


If we postulate that a consistent supply is to be obtained from this resource, but 
allowing 50% to pass to waste unused, then not less than 72% of the mean flow 
must be provided as storage. If we raise our sights and allow only 20% to pass to 
waste, then about 126% of the mean flow must be so provided. If, on the other 
hand no storage at all were provided, only a very small consistent supply (corres¬ 
ponding to the lowest daily flow in March 1968) could be given, and over 99% 
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of the resource would pass to waste. Discussion of storage provision is somewhat 
over-simplified here and further elaboration is given in the attached appendix, using 
the analogy of banking procedure and accumulation of cash. 

The understanding and at least partial conquest of our variable rainfall and river 
flow has not been achieved easily or without suffering and occasional despair, cap¬ 
tured by Henry Lawson near the turn of the century: 

Now up and down the sidling brown 
The great black crows are flyin\ 

And down below the spur, I know, 

Another milker’s dyin’; 

The crops have withered from the ground, 

The tank’s clay bed is glarin’. 

But from my heart no tear nor sound, 

For I have got past carin’. 

Water Requirements 

Per capita consumption in cities and large towns in Victoria, including use by 
industry, parks and gardens, is 135 tons per annum more or less, in normal years, 
and about 10% greater in dry years. As a somewhat generalized average figure, an 
acre of land under irrigation in Victoria needs 2000 tons annually in addition to 
natural rainfall, rising to nearly 4000 tons in the arid north-west. 

Losses involved in conveyance from reservoirs to farms are much less than was 
the case 20 years ago and all-up consumption at reservoir outlets, which includes 
these losses, is now of the order of 3800 tons per acre irrigated. 

The volume of applied water needed for one acre under irrigation production 
in north-central Victoria is comparable with that used by the occupants of one acre 
of suburban houses, with gardens irrigated by water applied from sprinklers. 

Wheat and sheep farmers in the Wimmera and Mallee and nearby regions, 
where for all practical purposes there are no natural streams, have their dams filled 
by water conveyed through some 8000 miles of artificial earthen channels, built 
very cheaply years ago but now operated with relatively high water loss. The annual 
water requirements to replenish farm dams are about 3000 tons (cubic metres) per 
square mile, and the loss in conveying water from storages etc. to dams about 8000 
tons; total 11,000 tons per square mile. 

The present annual water requirements in Victoria are somewhat as follows: 



Millions of Tons 
(round figures) 

Urban and Industrial 


(a) Melbourne— 

2,300,000 people @ 140 tons per capita 

(b) Cities and towns outside the metropolis— 

825,000 people @ 135 tons per capita 

(c) Other, including evaporation from reservoirs (approx.) 

320 

110 

100 530 

Rural 


(d) Irrigation—1,320,000 acres @ 3,800 tons 

(e) Domestic and Stock— 

(i) Wimmera-Mallee and nearby systems 

12,000 sq. miles @ 11,000 tons 

(ii) Other (approx.) 

(f) Evaporation loss from reservoirs etc. (approx.) 

5000 

130 

40 

400 5670 

TOTAL— -Victoria —Metric Tons X 10° 

6200 
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No hair-line accuracy is claimed for these interesting figures, but they will serve our 
purpose. 

To support irrigation production the State has provided reservoirs having a 
holding capacity of 4850 million tons, and the River Murray Commission 3100 
million tons, half of which is normally available for Victoria. The total storage 
available for Victorian irrigation is therefore 6400 million tons, about 28% greater 
than the annual all-up irrigation requirements. 

The capacity of the main reservoirs supporting the Melbourne metropolitan 
system (some 300 million tons) is a little less than the present annual unrestricted 
needs under normal conditions and about 15% less than in a dry year. 

The provision of adequate storage is the essential factor in a successful water 
supply undertaking, and these particulars indicate that this has been well-recognized 
in Victoria in the past. 

Management 

Administration of Victoria’s water supply is shared at government level between 
two Ministries: Local Government in respect of supply to the Melbourne metropolis, 
and Water Supply for the rest of the State. 

On the next level we have the Melbourne and Metropolitan Board of Works 
and the State Rivers and Water Supply Commission, each constituted under sepa¬ 
rate Acts and each advising their own Minister. 

State Rivers and Water Supply Commission 

The Commission operates firstly in accordance with the Water Act as Manager 
of the irrigation enterprise (excluding the First Mildura Irrigation Trust), the 
Wimmera-Mallee and a few smaller domestic and stock systems, and a number of 
fairly large regional urban systems supplying about 200,000 people in 91 cities 
and towns in the Mornington Peninsula, Bendigo and nearby centres (Coliban 
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System), Bellarine Peninsula, a small group of towns in south-western Victoria 
(Otway System) and a large number of small towns in the Wimmera, the Mallee 
and the irrigation areas. 

The Commission functions secondly as the parent body exercising general direc¬ 
tion and a degree of technical and financial supervision over about 240 local water 
supply bodies serving about 620,000 people and two regional authorities, namely 
the Latrobe Valley Water and Sewerage Board and the recently constituted West 
Moorabool Water Board. 

The Commission sells water in bulk from its systems to many of these local 
authorities, e.g. Warrnambool and Horsham. It also buys water in bulk from 
Geelong’s system of works. 

Thirdly, it is the duty of the Commission to gauge and record systematically the 
flow of rivers and streams and ‘to ascertain the nature and extent of the water supply 
and the water storage resources of the State’. 

It is managed by three full time Commissioners of Water Supply appointed for 
periods of five years. As a government instrumentality it is responsible to parliament, 
but because of political and financial realities it is also accountable to the govern¬ 
ment of the day through the Minister of Water Supply. This arrangement of an 
appointed executive operating in a framework with political and financial restraints 
has worked successfully for over 60 years. Difficulties arise to be sure, but they have 
not yet proved insuperable. 

The 1500 members of the Commission staff are officers of the Public Service of 
Victoria and have promotional rights within the whole Service, as well as other 
privileges, including generous superannuation benefits and long service leave. The 
Public Service Board of Victoria determines salaries and allowances, and deals with 
appointments, recruitment and promotion in the light of recommendations by the 
Chairman of the Commission. New appointments are cleared by the Treasurer of 
Victoria. 

The State Treasury is, in effect, the Commission’s banker. All revenue from 
whatever source is paid into and accounted by the Treasury. All disbursements for 
operation and management (‘Vote’) and capital works (‘Loan’) are subject to 
Treasury control on an annual basis, and also to parliamentary authorization by 
annual appropriation bills which are, of course, the subject of debate. All opera¬ 
tions, other than the Geelong supply and the West Moorabool works, are sub¬ 
sidized by the Government in greater or lesser degree. 

Finally, the Commission’s accounts and stores are subject to continuous audit by 
the State Auditor-General who is responsible only to Parliament. Direct annual 
revenue is about $12m. 

These restraints may appear severe, but are exercised in practice with traditional 
moderation and a high degree of co-operation: essential factors in the complex 
sphere of central government administration. 

The Melbourne and Metropolitan Board of Works 

The Melbourne and Metropolitan Board of Works operate far more independ¬ 
ently than the Commission, partly because (like the State Electricity Commission) 
it is completely self-financing, without government subsidies. 

It is constituted by some 52 Commissioners elected by the Municipal Councils 
of the metropolis, the Commissioners electing their own Chairman. It has responsi¬ 
bility extending beyond water supply to sewerage, main drains, river improvement, 
highways and planning in the metropolitan area. 

It operates its water supply undertaking very economically with a rate of 2 5% 
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of the net annual value of property. This brings in about $14m. per annum, approxi¬ 
mately only $20 per house supplied; $6.20 per capita and less than 5 cents a ton. 

Regional Authorities 

The two regional authorities mentioned have been constituted with a view to 
combining democratic representation and expertise in a compact top-management 
group. 

In the Latrobe Valley Board the Manager is Chairman ex officio , and is 
appointed by the government, as is one other"member, who in fact is a Treasury 
official. Two members come from the large water users, that is the State Electricity 
Commission and the Gas and Fuel Corporation and three are elected locally by, 
respectively, the Water Trusts, Sewerage Authorities and River Improvement Trusts 
in the Valley. 

The West Moorabool Board will construct and manage storage works to aug¬ 
ment supply to both Geelong and Ballarat. The Chairman and two other members 
are appointed by the government, and of these two, one must be experienced in 
the management of water resources and the other in financial matters. They are 
nominated respectively by the Water Commission and the Treasurer of Victoria. 
The other members are the Chairmen for the time being of the Geelong and 
Ballarat water authorities. 

Problems 

All water supply systems in the State came under stress in the very severe 
1967-68 drought. Irrigation supply was restricted, but, on the whole, to a moderate 
degree only because of substantial reserves of stored water in relation to require¬ 
ments. Deliveries to farms in the Goulbum-Murray Irrigation District were the 
second highest on record at 1680 million tons, exceeded only by deliveries in the 
previous year, 1840 million tons. However, abstractions from unregulated streams 
were appreciably reduced and for the whole State deliveries and abstractions at 
about 2330 million tons were about 124% below the 1966-67 record of 2660 
million tons. 

Hume Reservoir, however, was drawn down to 1 % of its capacity and it was 
necessary to support supply from the River Murray by withdrawing additional water 
from Lake Eildon and Lake Eucumbene in the Snowy area to the extent of about 
700 million tons. 

It is clear that more storage is necessary above Albury to support the water 
supply systems along the Murray in New South Wales, Victoria and South Australia 
and to this end an intensive field investigation of the Dartmouth dam site on the 
Mitta Mitta has been carried out by the Snowy Mountains Authority on behalf of 
the River Murray Commission. 

Problems presented by salinity levels in the Murray have been under intensive 
study for the past three years. It has been ascertained that appropriate regulation 
of flow past Swan Hill and Mildura is effective, and by this means the salinity of 
the Wentworth Weir pool was maintained at ±300 parts per million of total 
dissolved solids over the summer and early autumn. Below this point, however, 
the situation was less satisfactory, and in South Australia summer recordings were 
sometimes in excess of 600 ppm at Waikerie and 800 ppm at Mannum, where 
Murray waters are pumped to Adelaide. 

Stream flow available for the Melbourne metropolitan system fell to very low 
levels during the drought and to avoid depletion of reserves non-essential consump¬ 
tion was reduced to minimum practicable levels, saving something of the order of 
100 million tons. Storages were depleted by nearly 220 million tons but a very 
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difficult situation was carefully managed, and reserves did not fall below about 80 
million tons. 

As in the case of supply to the River Murray the immediate problem appears to 
be the provision of more storage as soon as practicable. 

Possible Solutions 

As to irrigation, the Dartmouth development would yield 800 million tons 
annually for sharing between New South Wales and Victoria, sufficient to provide 
the desired degree of security for production in both States and to safeguard the 
statutory requirements of South Australia (1568 million tons per annum in regu¬ 
lated monthly quantities, except in declared periods of restriction). 

The cost might be of the order of $60m. but if undertaken under the provisions 
of the River Murray Agreement this would be shared in equal parts by the three 
States concerned and the Commonwealth, i.e. only $15m. each. 

The salinity problem is being faced initially with generous financial assistance 
from the Commonwealth. Works are in progress to divert saline waters entering the 
Murray near Mildura and above Swan Hill to inland evaporating basins. These 
will be operative in September 1968, and will certainly alleviate the present diffi¬ 
culties. Other ideas are being developed including the possibility of using the large 
Lake Tyrrell as an evaporative disposal area. 

Two proposals have been suggested for augmentation of metropolitan reserves. 
One is for about 300 million tons in an off-river storage in the Cardinia Creek area, 
and the other for 43 million tons on the lower Yarra, possibly combined with 86 
millions tons in an adjacent off-river basin. 

Reflections 

It is perhaps a glimpse of the obvious to point out that management of any 
undertaking is effected through the men and women who work to achieve its 
purpose. 

The organization of these people into effective well-led groups, their training, 
and the allocation to them of responsibility when trained to accept it, is the essence 
of good management. 

We should not forget that our efforts can be successful, indifferent, or even 
unsuccessful, and in this context I recall as a junior lieutenant the oft-repeated 
assertion—There are no bad men, there are only bad officers.’ In 1940 I thought 
this unfair and far too sweeping, but today, half a lifetime later, I know it to be 
true. 

Dr R. W. Harman, one-time general manager of C.S.R., classifies the develop¬ 
able skills (as apart from innate ability) as technical, human and conceptual. I can¬ 
not do better than quote his words. 

Technical skill is the application of special knowledge of a specific activity, such as engineering 
or accounting. It is concerned with methods and procedures and is to a large extent related 
to things, processes or physical objects. 

Human skill is mainly concerned with people. The man with this attribute is skilful at under¬ 
standing people, communicating with them and in getting them to work with him and for him. 
Typically, this kind of skill is needed by a production manager. 

Conceptual skill is harder to define. It means seeing the situation as a w'hole; assigning the 
weight which should be given to each of the many factors bearing on it; visualizing the inter¬ 
relationship of factors inside one business, in a whole industry, or between one industry and 
another, of politics, economics and technology, of the company’s objectives and the interests 
of shareholders, employees and creditors. It includes the willingness and ability calmly to 
contemplate and evaluate. It is the unifying, co-ordinating ingredient and embodies considera¬ 
tion of the technical and human aspects. 
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This separation into three skills is useful for purposes of analysis, but in practice the three are 
so closely related that it is difficult to determine where one ends and another begins. Technical 
skill is indispensable to efficient operation and it has greatest importance at the lower levels of 
administration. Human skill is necessary at every administrative level, while conceptual skill 
becomes more important as one ascends the scale, and is absolutely essential at the top. 


I would hope then that my remarks will be considered in relation to the people 
who devote themselves to the purposes of the undertakings they serve, as well as 
to problems and the solutions which will emerge only from careful study and intelli¬ 
gent compromise, but not from disputation. But we do seem to need that unifying, 
co-ordinating ingredient of which Dr Harman spoke. 


KEY TO SYMBOLS (APPENDIX 1), PAGE 35 

Incoming : RES—Reserve 

NRF—Natural river flow FL—Flood 

PCSR—Periodic contribution DY—Dry year 

Snowy River diversion DR—Drought 

Outgoing : WS—Wet summer 

USE—Normal withdrawal MR—Monsoonal rain 

RW—Restricted withdrawal SF—Storage Full 

FEE—Evaporation penalty 

SPILL—Spillage of surplus NRF (the Bank has insufficient storage capacity to handle these 
amounts) 
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Appendix 1 

THE WATER STORAGE PROBLEM 
By Analogy with Banking Procedure 

Statement of Account with— 

The Aquatic Bank 
Lake Hume Branch, via Albury, NSW 
(Millions of Tons (m 3 X 10 6 ) 


Date 


Particulars 

Credit 

Debit 

Balance 

1981 

1st Jan. 

RES 

Balance fwd. 


2250 

1981 

Jan.-June 

NRF 

625 


2875 



PCSR 

125 


3000 



USE 


2500 

500 



FEE 


60 

440 

1981 

July-Dee. 

NRF 

2250 


2690 



PCSR 

375 


3065 



USE 


250 

2815 



FEE 


15 

2800 

1982 

Jan.-June 

NRF 

250 


3050 



PCSR 

50 


3100 SF 



USE 


2500 

600 



FEE 


60 

540 

1982 

July-Dee. 

NRF 

5100 FL 


5640 



SPILL 


2540 

3100 SF 



PCSR 

Nil 


3100 



FEE 


15 

3085 

1983 

Jan.-June 

USE 


2100 WS 

985 



PCSR 

Nil 


985 



NRF 

1300 WS 


2285 



FEE 


50 

2235 

1983 

July-Dee. 

USE 


250 

1985 



PCSR 

375 


2360 



NRF 

740 DY 


3100 SF 



FEE 


15 

3085 

1984 

Jan.-June 

USE 


2900 

185 



PCSR 

345 


530 



FEE 


75 DY 

455 



NRF 

500 MR 


955 

1984 

July-Dee. 

NRF 

500 DR 


1455 



USE 


350 RW 

1105 



PCSR 

625 


1730 



FEE 


25 

1705 

1985 

Jan.-June 

NRF 

125 DR 


1830 



PCSR 

250 


2080 



USE 


1950 RW 

130 



FEE 


60 

70 

1985 

30th June 

RES 

Balance down 


70 

1st Jan. 198l-30th June 1985 

—RECONCILIATION 





NRF 

11390 





PCSR 

2145 





Incoming 

RES reduced 

13535 





by 

2180 






15715 





USE 


12800 




FEE 


375 




SPILL 


2540 



15715 


Key to Symbols, facing page. 
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Domestic and Industrial Uses of Water 
By B. J. Callinan 

380 Lonsdale Street, Melbourne, Victoria 3000, Australia 

The water requirements of Australia, rushing along the road of industrialization 
and metropolitan development, are predictable with reasonable accuracy, since they 
can be based upon the experience and projected requirements of the United States. 
For prediction purposes, one of the advantages that Australia enjoys in running 
some 15-25 years behind the United States is that she can look into the future and 
forecast probable requirements for the next 25-50 years. 

In round figures the consumption of water in Australia in the future will be 
some 300,000 gallons per head of population per year, and this will be used in the 
following amounts: 

Agricultural 200,000 gallons per person per year 

Industrial including electric power generation 50,000 gallons per person per year 

Domestic and municipal 50,000 gallons per person per year 

Total 300,000 gallons per person per year 


This total consumption per head per year is approximately the same as it is in the 
United States at present; however, in the future Americans expect their consumption 
per head of population per year to be almost doubled, so our estimate is not exces¬ 
sively high. 

One of the things to note is that two-thirds of the total will be required for 
agricultural purposes and this must be accepted. In the inhospitable country in 
which we live there will be the continuing need to irrigate for food production to 
meet our own requirements, and to give some exportable surplus. 

Availability of Water 

Mainland Australia presently controls about 4-8 per cent of its total surface 
run-off of about 250,000,000 acre feet per annum. An acre foot is approximately a 
quarter of a million gallons, and it gives a convenient unit for these large quantities. 
Lest it be thought that this low percentage leaves a margin sufficiently large to 
remove all concern for the future, some other factors should be borne in mind. 

Two-thirds of the total run-off of water in Australia flows to the sea north of 
the Tropic of Capricorn, and it must be accepted that, even with the most optimistic 
interpretations of the future of the northern part of the continent, the major part of 
our population and growth will take place south of the Tropic of Capricorn. So that 
approximately only one-third of the annual run-off — that is about 75,000,000 acre 
feet—will be available in the area in which the major development will take place. 
Thus mainland Australia at the present time controls just under sixteen per cent of 
its total surface run-off in the area south of the Tropic of Capricorn. 
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For comparison, the United States at present controls and utilizes about sixteen 
per cent of its total run-off, and it has many favourable conditions in the flow 
variations of its streams and available storage sites. Australia has the poorest 
aquatic environment on earth. It is not well provided with storage sites, and some 
of the few favourable ones cannot now be utilized because of the development that 
has already taken place within them. These factors combine to make Australia 
require about three acre feet of storage for every acre of irrigated land, whereas 
the United States requires one-half of this figure. Incidentally Egypt requires about 
one-quarter and India about one-tenth. Meanwhile, over-riding the water problem 
of the driest continent on earth is an evaporation-transpiration balance in relation 
to stream flows which makes many storages and the enlargement of others impractic¬ 
able, since the water lost by evaporation would exceed the amount that would 
otherwise be used to some benefit as it flowed down the river. 

With all these factors considered, a reasonable estimate for the amount of the 
run-off that can be controlled and utilized for irrigation, industrial and domestic 
purposes is about 20,000,000 acre feet per year; this is to serve the southern two- 
thirds of the continent in which will be the major part of the population of the 
future. The control will then be considerably more than is controlled and utilized 
at present in the United States with its more favourable climatic, terrain and 
storage conditions, so that it is a not unduly pessimistic estimate. If treated as a 
simple matter of arithmetic, with the estimated water requirements of the future and 
the controllable run-off, the population that can be supported in southern Australia 
in the future would be only 20,000,000 people. The present population is about 
11,000,000. 

Within the last week the Federal Minister for Immigration has announced that 
the present target population for Australia is 28,000,000 people, which is about 
forty per cent more than the population that can be supplied with water from 
controlled run-off south of the Tropic of Capricorn. 

Answers to the Problem 

I am sure that as I was speaking you were thinking that I am painting an unduly 
pessimistic figure and ignoring some important available sources of water. I enter¬ 
tain no pessimistic Malthusian ideas as to the development of Australia. I am 
confident we can reach the target of 28,000,000 people and we can go well beyond 
it, but to do this and maintain our standard of living, the requirements of the future 
must be looked at realistically, and I emphasize the word ‘realistically’. 

Additional to the natural run-off, there are two sources of water that must be 
developed. The first are the underground water resources of the nation, and their 
assessment is being tackled now. A great part of these waters are too saline for 
normal domestic and industrial uses and it will be necessary to de-salinate them to 
make them usable. Research should be concentrated upon the de-salination of these 
brackish waters rather than upon the popular-appeal task of dc-salinating sea 
water. It is encouraging to know that the CSIRO have for some years been carrying 
out research along lines basically different from those normally talked about, on 
this aspect of de-salination, and with a considerable amount of success. This success 
is about to be developed practically to offer a major contribution towards our 
water requirements of the future. 

Processes for partial de-salination have significance also for the re-use of 
polluted waters, because the salinity of water after it has passed through a sewerage 
scheme often increases by 200-400 parts per million. 

This leads on to the other source of water for the needs of the population of 
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the future—the re-use of polluted waters. This is one of the panaceas that is often 
floated in front of us: easy and obvious to talk about it, but not the simple practical 
answer that it is often presented as being. It does, however, offer a much cheaper 
solution to a water deficiency than any sea water de-salination proposal. 

One of Australia’s difficulties is that the major commercial and industrial 
developments have been on the sea coast; the reasons for this are obvious in history, 
and they will remain compelling unless we can introduce new approaches to national 
planning. The present development means that the re-use of metropolitan waste 
waters are restricted to areas inadequate and unsuitable for the storage or the 
discharge of effluents into underground aquifers. With the exception of Perth, there 
is no capital city in Australia that has the possibility of adopting procedures that 
are being developed in Israel and California. 

The re-use of waste water by industry can be adopted only on a limited scale. 
The quantities used by even the large water-using industries, such as paper and 
steel, would not exceed about ten per cent of the waste water discharges of cities 
such as Melbourne, Sydney and Adelaide. With the standards of treatment 
economically achievable, the re-use of sewage would be restricted for technical 
and public health reasons to, for example, only a limited range of paper and boards. 
A committee in South Australia reporting recently on the re-use of sewage effluent 
found that the quantities that could be re-used industrially were small and the econ¬ 
omics of irrigation proposals questionable. 

Yet the need remains, and to find a solution it is necessary to re-examine the 
main uses of the water. It was pointed out that two-thirds of the total requirement 
will be for agricultural purposes, and this will be in general on the inside of the 
main mountain range skirting the eastern and south-eastern coastline. In this area 
the major part of the water must be stored and distributed to produce our food, 
and a large quantity of water could possibly be used at least twice by extracting 
some of it for industrial and domestic purposes and returning it to the stream for 
irrigation purposes. Polluting matter could be removed by normal treatment methods 
supplemented by land methods to restore the nitrate/phosphate balance. The pollu¬ 
tion would be reduced further by dilution with the undiverted waters, and the waters 
flowing on down the rivers would be acceptable for most crops. Crops more sensi¬ 
tive to salinity such as the citrus and stone fruit may have to be located in areas 
where they would avoid waters with increased salinities. However, again the applica¬ 
tion of processes developed by the CSIRO for partial de-salination could bring even 
the worst of the wastes down to acceptable limits for use on salt-sensitive crops, 
crops. 

The establishment of large urban developments of half a million or more people 
on the slopes of the Dividing Range would facilitate the re-use of water. Cities of 
these magnitudes can offer all the facilities, educational, social and cultural, that 
are at present drawing people in to the metropolitan complexes. 

One possible site for major city development is in the Ballarat-Geelong area; 
this should be thought of as one area because it gives an opportunity for growth 
around Ballarat, with the treatment and re-use of water in the Geelong area. 
Another possible site is in the Seymour area and a further one is in the Latrobe 
Valley. With these centres linked to Melbourne with high speed trains connecting 
directly into the metropolitan system there is the possibility of developing the State 
to accommodate the populations that are necessary for our survival in the future. 
Seymour is outstanding as a possibility for the development of a large urban 
population as it is on the banks of the Goulburn River with its favourable catch¬ 
ment characteristics and the large Eildon storage. The minimum controlled flow in 
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the Goulburn would be sufficient to give an assured water supply with full domestic, 
municipal, and industrial development including major water-using industries, to a 
population of over one half million persons. This would be so if only one half was 
diverted and returned after treatment. The water requirements of Australia must be 
considered as part of the environmental needs of a modern industrialized and 
urbanized community and must be integrated with the other requirements of the 
complex of the future. 

Mention of Seymour or similar places raises the word ‘de-centralization’ and 
there has been almost as much nonsense talked about de-centralization as there 
has been about nuclear power and de-salination. In many discussions de-centraliza¬ 
tion has meant ‘everything everywhere’, and that is so illogical that nothing has 
been achieved. But now with the proposal that the major part of the increased 
population of the state will be accommodated in ‘fingers’ stretching out from the 
centre of the metropolis, the traffic arteries in these fingers will become increasingly 
congested until the centre atrophies: the world has many illustrations to show the 
future that lies before the metropolis and the state. 

Seymour can be linked by a high speed train service connected directly into an 
improved surburban service or the proposed underground railway. With a modern 
high speed service travelling at 120 miles per hour, Seymour comes within thirty or 
forty minutes of Melbourne, and with the trains connecting directly into an under¬ 
ground circuit people could be in the commercial centre within an hour of leaving 
their home in Seymour. This is no longer in time than a large percentage of the 
people in the present metropolitan area take now to get from their home to the 
centre; and it will be markedly shorter for a much larger percentage in the future, 
travelling along the ‘fingers’. 

The cost of this high speed train service will have to stand comparison with 
the alternatives of supplying water from mountains in the east of the State. It 
would cost approximately $250,000,000. This large sum would be offset in part by 
the reductions in the cost of traffic arteries connecting the metropolis growing to five 
million people and a new city planned for modern needs. However, even if the 
possibility of opening up a large urban development at Seymour were economically 
not as attractive as the alternative of bringing water from the east to an ever expand¬ 
ing metropolitan complex, there still remains the compulsion to re-use our waters 
to enable the nation to develop to the full, and there is no possibility of re-using a 
major part of the water brought to the present metropolitan area and passed through 
its sewerage scheme. The development of the State will require the re-use of water 
and this can be done only away from the present metropolitan area: our limiting 
resource must be given a determinant role in planning the development of the State. 

An examination of the re-use of water in the metropolitan area shows an 
example developing before our eyes in the south-eastern treatment plant with its 
temporary expedient of discharging the wastes into Port Phillip. There is little 
doubt that there will be ecological problems in Port Phillip if the wastes from the 
south-eastern treatment plant are discharged into it for any length of time without 
correction of the chemical and in particular the nitrate/phosphate balance. 

The most effective way of correcting this balance is by land treatment, and it 
can be suggested that the wastes be used for irrigation on the adjoining flat lands. 
However,"this land is too valuable to the growing metropolis to be used for any 
length of time for irrigation: it will be needed for residential and industrial purposes. 
It is also mentioned that the wastes could be re-used in the Westernport area and 
undoubtedly this is a field for its re-use. However, the industries that are already 
being set up there will be using sea water for cooling purposes and this will offer 
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fewer problems than using waste water treated or untreated. Even if a part of the 
effluent from the south-eastern treatment works is used for industrial purposes in 
this area it will eventually have to be discharged, and it cannot be discharged into 
Westernport. The conformation of the inlet and the water movements in it are such 
that to discharge into it large quantities of waste water for any length of time will 
create ecological problems. It will therefore be necessary to discharge the major 
part of the effluent from the south-eastern treatment plant directly into Bass Strait 
without re-use. 

The domestic and industrial water requirements upon which the population of 
the future will depend must be integrated with the requirements for food production, 
a subject covered in another paper. The aquatic environment of this, the driest 
continent on earth, must be given its determinant role in State planning. If we are 
to use our limiting resource to our greatest advantage our development must be 
along lines of a ‘State of Cities’, and not a ‘City State’. 
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Use of Conserved Water for Food Production— 

With Particular Reference to 
Victoria and Australia 

By K. R. Garland 

Department of Agriculture, Treasury Place, Melbourne, Victoria 3002, Australia 

Australia now has three million acres of land under irrigated culture. However, 
this is only about i% of the land under irrigation in the world; it is less than 02% 
of the area of Australia, and the water used on this land is but li% of the total 
flow of all Australian rivers. 

Pastures occupy two-thirds of our irrigated land. By world standards, this is an 
inferior form of water use. There are, of course, good reasons for the development 
of irrigated pastures in Australia and these may be summarized briefly as follows: 
poor soils in need of improvement by pastures, large country and plenty of water, 
small labour force, small population, wealthy customers at home and abroad, and 
conformity with the nation-wide growth of the livestock industry. 

In this country, farming is carried on as a means of making money, not as a 
means of feeding people. The fact that some farm products achieve both purposes 
is a happy coincidence. Some products, e.g., wool, are useful despite being inedible, 
whilst others again are quite useless and/or toxic, e.g., tobacco, or are rendered so 
by processing, e.g., barley for beer. In much of the world, the main aim of farming 
is, however, to feed the farmer’s family. Any surplus food is available for sale or 
barter or to pay rent and taxes. I am not advocating the adoption of peasant farm¬ 
ing in Australia, only indicating that greater emphasis on food production is com¬ 
mon in many irrigation areas in less fortunate countries. 

The three paragraphs above show that Australian irrigation is small in volume 
and unusual in character. The questions immediately arising are: 

(1) whether new irrigation projects should be commenced to utilize our water 
resources more fully, and 

(2) whether the existing forms of production should be modified. 

On the first point, realizing the precarious situation of the world’s food supply, 
it is easy to answer yes, for humanitarian reasons. This answer, of course, only 
precipitates a further host of problems in economics, politics, and demography. The 
economist demands to know if money invested on irrigation works will draw as 
large a return on invested capital as the same money used for other forms of farm 
development in rainfall areas. He further wishes to know how sales can be made to 
people unable to pay the price that we set for our products. The politician is in a 
dilemma debating whether sales and/or gifts of food will secure friendships or 
strengthen a potential enemy or competitor. The demographer may insist that the 
problem is not too little food, but too many people, and that the adequate nutrition 
of today’s population, without adequate reproduction control, will simply ensure 
a far greater food problem in another ten or twenty years. 


43 


44 


K. R. GARLAND 

It is not the intention of the writer to pursue the discussion of these and related 
problems in economics, politics and demography. As an agricultural scientist, it 
suffices to say that there is an urgent need for increased food production in the 
world and that Australia has large, untapped resources of land and water which 
may be jointly used for irrigation and the production of substantial quantities of 

*°° The rema j nc ] er of this paper will therefore be confined to a discussion of whether 
the existine forms of production should be modified. As mentioned above, Australia 
is unusual in that a large proportion of the irrigated land is used to grow pasture. 
Actually here in Victoria this tendency is found in the extreme, since 86% of our 
irrigated land is under pasture or fodder crops. In New South Wales, the other ‘big’ 
irrigation State 60% is under pasture. There is certainly greater diversification of 
production in New South Wales, where many crops that are unknown in Victoria, 
eg rice cotton, are grown, and where some ‘new interest’ crops, such as grain 
sorghum and maize, are receiving more attention. 

Irrigated pastures in south-eastern Australia are grazed by cattle and sheep to 
produce milk; meat and wool. A dairy farm in a 14 in. to 18 in. rainfall area will 
Yield on the average, approximately 2400 lb. of milk, containing 80 lb. protein 
and 120 lb fat, per acre-foot of irrigation water used. No other form of livestock 
production dependent on irrigated pastures can produce human food as efficiently 
as dairy farming; in fact, meat production is less than half as efficient. 

Several crops, however, are capable of much higher water to food conversion 
efficiencies An average wheat crop, for instance, should yield over four times as 
much protein per unit of irrigation water as dairying, whilst, in regard to energy 
(calories in food) produced per unit of water, wheat is at least seven times as 
efficient Similarly, soybeans and sunflowers have conversion efficiencies at least 
two to three times’those for dairying in regard to protein and fat, respectively. 

The disciples of pasture and livestock will, of course, seek to nullify these 
apparent advantages of crops by pointing out that the success of the crop is sub¬ 
stantially dependent on the work of a former pasture in improving both soil struc¬ 
ture and soil fertility. ‘Pastures build soil, crops destroy it.’ 

The concept of ley farming, so commonly practised in our medium rainfall 
areas seeks to gain the monetary reward from frequent cash crops whilst inter¬ 
spersing pastures in rotation to maintain the health of the soil. Three factors that 
could tend in the future to increase cropping and decrease pasture in the rotation 

are: 

(a) Use of new minimum-cultivation crop-establishment techniques. 

(bl Use of cheaper nitrogenous fertilizers, thus ending reliance on nitrogen 
fixed by Rhizobia in pasture legumes. 

(c) Use of legume crops. 

The possibilities for land use in non-horticultural irrigation areas are there¬ 
fore: 

(1) Pastures entirely. . , , , ,. , , , 

(2) Pastures mainly, but occasional cash crops when regrading of land or 

V cultivation and/or resowing of pasture is desirable. 

(3) Cropping mainly, but occasional pastures to minimize soil deterioration. 

(4) Cropping entirely. 

In Victorian irrigation today, systems (1) and (2) are by far the commonest. 

The fact that such alternatives are possible, however, has led to the initiation of 
experiments at the Irrigation Research Station, Kyabram, involving grain and oil- 
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seed crops. These were commenced in 1965, and crops showing some promise to 
date include winter cereals (wheat, oats), sunflowers, grain sorghum and possibly 
soybeans. Safflower has not done well, but its performance on lighter soils (off the 
Station) using pre-irrigation only could be a very different story. 

The present series of trials is designed to identify suitable species and varieties 
and to determine appropriate cultural, irrigation and fertilizer treatments. Rotation 
trials will follow. 

Farmers, of course, will not be impressed by how much food for human con¬ 
sumption is obtained from a particular crop or rotation, but only by how many 
dollars appear as profit. Thus, trends in market prices are as important as potential 
yields and costs of production in making farm management decisions. Present 
indications are that, during the next few years, prices for dairy products and wool 
will decline, whilst meat prices, particularly for beef, will hold firm. This suggests 
that some changes may occur in the proportions of the various species and breeds 
of livestock run on irrigated pastures, e.g., dairy cattle now utilize over half of the 
irrigated pasture in Victoria, but their proportion of the livestock population may 
decline as beef cattle increase. The actual trend in recent years has been for a slow 
increase in the relative importance of dairying amongst irrigation industries. The 
dairying industry has benefited by the newly-acquired ability of factories to manu¬ 
facture a range of products from milk, e.g., butter, cheese, condensed milk, pow¬ 
dered milk, powdered skim milk, casein. 

One immediate change in the next few years is sure to be an attempt by many 
irrigators, particularly dairymen, to increase stocking rates. When reduced water 
allocations in 1967/68 forced reductions in the area that could be watered, most 
dairymen found that near normal production could be sustained even on the lesser 
area of pasture. When normal irrigation conditions return, it should therefore be 
possible to graze larger herds on the normal area of pasture. 

If the history of Victoria’s irrigation over the past 40 years is accepted as our 
sole guide for the future, then clearly the only major change by the end of the 
century will be the addition of another million acres of pasture! Comparing, for 
instance, 1926/27 with 1966/67, one finds that, in this forty-year period, the area 
under horticulture and vegetables has increased by about 50,000 acres, the area 
under lucerne has declined by 70,000 acres, ‘native’ pastures have declined in area 
slightly also, but the area under improved pasture has risen from an almost neglig¬ 
ible amount (10,000 acres) to over one million acres. This pasture now supports 
livestock whose annual production is worth $100 million. The pasture itself, as a 
stock food (and the cheapest food available is pasture), is worth almost $50 mil¬ 
lion per year. 

Those who quote this rise of irrigated pastures as being indicative of an approp¬ 
riate and profitable form of land use will no doubt have an economist explain to 
them that this is only so because the cost of the irrigation water is heavily subsidized 
by the State Government, and that very few irrigators would stay in business if 
their account for water increased by, say, $2000 per year to meet the true cost of 
the water. Happily, such a rise is not likely to occur, for there are many sound 
reasons why governments should subsidize irrigation in this way. 

A prediction based on historical evidence is therefore certain to suggest that 
further large expansions in the area of irrigated pasture in Victoria will occur. 
Water and land are both available, although the storage and distribution of the 
surface water involved may be more costly than in most existing systems. 

A large new scheme recently proposed by the Mitchell River Water Utilization 
Committee requires the construction on the Mitchell River of a 1,660,000 acre-feet 
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storage reservoir to irrigate 200,000 acres of land (mostly pasture) between Strat¬ 
ford and Baimsdale. This is but one scheme to utilize some of the millions of acre- 
feet of water that flow out of southern Victoria and into the sea each year. Under¬ 
ground water will also be used more for irrigation in the future. The exact quantity 
of underground water lifted for irrigation purposes in a normal year in Victoria is 
not known. It is probably less than 100,000 acre-feet, i.e., small in comparison with 
the water delivered by State Rivers and Water Supply Commission surface schemes. 
Twelve million acres in this State, however, are underlain by ‘usable’ (less than 
4000 ppm Total Soluble Salts) water, but the ultimate safe yields of all such deep 
storages are not known. 

The nature of development of our irrigation may also depend on the mode and 
extent of development in other places, especially in Northern Australia. Thus, for 
example, the rapid expansion of grain sorghum culture in New South Wales and 
Northern Australia, where conditions are climatically better for sorghums than in 
Victoria, would certainly reduce our chances of ever sharing in the supposedly 
large Asian market for this grain. 

But there are many unknowns ahead. There are some who believe that foot and 
mouth disease cannot be kept out of this country indefinitely. If such a disease 
gained entry, an increased interest in cropping would immediately follow. On the 
other hand, economic advancement and improved living standards in Asia could 
create a huge market for Australian produce, including livestock products high in 
protein. 

Summary 

Victoria has a small but prosperous irrigation industry which is capable of 
enlargement and modification to yield even greater quantities of food. The same 
general terms apply to Australia. Although debate continues incessantly on the 
subject of the future population—food balance of the world, the fact remains that 
today some hundreds of millions of people are inadequately fed. Let us think of 
curbing food production only when everyone is as well fed as the majority of 
Australians. 
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Recreation and Conservation in the Aquatic Environment 

By J. C. Wharton 

Fisheries and Wildlife Department, 

605 Flinders Street, Melbourne, Victoria 3000, Australia 

Introduction 

In planning this symposium, it was thought that some aspects of the competition 
between domestic, industrial and recreational uses of water might be brought out by 
the various speakers. The recreational uses of the aquatic environment which suffer 
most because of other demands are fishing and hunting and I will therefore confine 
my remarks to these, but it is hardly appropriate to talk of the relationship between 
fishing, hunting and other water uses as being competitive in any real sense, and 
the basic reason for this is the difficulty of measuring the value of recreation in 
comparable terms. It is possible to produce figures showing that a hunter spends a 
certain amount of money to shoot a duck, and that the total expenditure involved 
in catching a fish may be hundreds of dollars, but it is impossible as yet to indicate 
the true value of any recreational activity to the individual. By comparison, the 
value of agricultural use of water can be measured conveniently in terms of produc¬ 
tion per unit of water and the end product of industry is also measurable in 
similar terms. 

Assessment of the value of recreation to human beings probably awaits the 
application of behavioural studies, along similar lines to those commonly employed 
for animals such as rats. The general results of this work leave no doubt that crowd¬ 
ing of individuals produces radical changes in behaviour patterns and no-one can 
seriously doubt that changes of this sort do occur in human beings when they are 
crowded together. One widely accepted means of relieving the tensions that most 
city dwellers have experienced is to fish or hunt whenever an opportunity can be 
made. 

As an alternative to putting a value on the recreational uses of water, an attempt 
will be made simply to describe the changes which have occurred in the aquatic 
environment of south-eastern Australia since the days of first settlement and to note 
the effects of these changes on fish, waterfowl and other animals. 

It is unfortunate indeed that the effects of these environmental changes on man 
himself cannot be taken into account. 

The Aquatic Environment Before Settlement 

The aquatic environment is all of the water within the land limits of our conti¬ 
nent together with the animals and plants that live in it or depend very closely on 
it. Included are the bays and estuaries, the ocean waters overlying the continental 
shelf, the muds, sands and clays that may underly the water and all of the life they 
contain. 

It is impossible to give any precise details of the aquatic environment in the 
time before the coming of Europeans, but the major elements of the scene probably 
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can be described without too much error and an attempt will be made to give the 
general features of the Murray River System and its tributaries. 

Summer was a time of low streams and rivers were sometimes reduced to a 
series of deep holes with flow between them below the surface of the river bed. The 
water was generally warm and clear. Most waterways had a well-developed back¬ 
water system of billabongs and swamps and some had fairly extensive lakes associ¬ 
ated with them. Some of these areas held water over the summer 

Winter and spring were usually periods of relatively high river flow resulting 
from general rains and from melting snow on the south-eastern highlands. The 
water was cold and in the lower reaches of the river system, it was probably turbid. 
Most years, the backwater systems and lakes filled with water and in some years, 
the river flooded and extensive areas in the river valley were covered with water 
for varying periods. 

There was an abundance of trees, logs and debris in all streams and this was 
probably re-arranged a good deal with each flood that occurred. Rivers had exten¬ 
sive marginal areas of trees and shrubs. 

In several parts of Victoria, there were very large areas of poorly drained land 
which were not connected directly with any river and these retained water for 
considerable periods. 

The animals and plants of south-eastern Australia evolved in this rigorous 
aquatic environment. There are 23 species of native fish and their life cycles are 
very closely related to the seasonal pattern of change in their particular habitats. 

numbers of water birds and other animals and plants depended on the 
filling of backwater systems for food, shelter and breeding areas, and a great variety 
of animals such as fish, amphibians, reptiles, birds and invertebrates lived in these 
areas. A nch and diverse fauna inhabited the forest and scrub country bordering 
the rivers and this habitat in turn depended on occasional inundation for its con¬ 
tinued existence. 

A very approximate estimate of the major dimensions of the pristine environ¬ 
ment in Victoria is indicated in Table I. 


Factors that have changed the Aquatic Environment 

There are six general ways in which the aquatic environment has been changed 
and each of these will be considered. 

(a) Water Conservation 

In the Murray-Darling River System, there are now more than ten large dams, 
four water diversion structures, thirteen locked weirs and more than 5000 miles of 
irrigation canals. About twenty off-river natural lakes or swamps involving a total 
of some 50,000 acres have been modified for use as water storages. 

All of the big dams are in headwaters of the river system and they form large 
lakes with some of the water that would normally have entered downstream back¬ 
waters in winter or spring. Water is released from the dams at a fairly constant rate 
during the summer months lor irrigation purposes and rivers often run at a high 
leveh Because the water comes generally from the bottom of the lakes, it may be 
^ ^ cooler than water running into the dam and it may run for many miles down¬ 
stream before warming appreciably. 

In autumn, irrigation flows cease and the dams begin to store the normal flows 
of winter and spring. The effect of big dams and the regulation of river flow below 
them is to reverse the natural pattern of low summer and high winter flows. The 
extent of river regulation in Victoria is shown in Table I and Fig. 1. 
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Dams isolate the upstream populations of animals from those living downstream 
except in those rare cases where a fishway or ladder is provided. There are two 
fishways on the Murray River at the present time and these are the only structures 
of this sort in south-eastern Australia. 

Irrigation canals take water and the life it contains into new areas, but like the 
controlled rivers which fill them, they are quite dissimilar to our original aquatic 

environment. - . . 

The use of relatively shallow off-river lakes as permanent storages tor irrigation 
water usually makes these lakes completely unsuitable for the animals and plants 
which formerly used them. In fact, they are new environments that are used mostly 
by introduced species of fish. 

(b) Flood Control 

Major dams play their part in flood control, but there are other means of mini¬ 
mizing the effects of flooding and in Victoria, considerable effort is directed towards 
improving the carrying capacity of streams for flood waters and of speeding the 
run-off from flooded lands. These activities are called river improvement and drain¬ 
age works and the first involves the ‘snagging’ of waterways to remove logs and 
other debris. Snagging is often followed by erosion control works and this may 
include the removal of standing trees which are likely to fall into rivers, the building 
of groynes to prevent bank erosion and often the straightening of a river course so 
as to make it more like a channel. At present, nearly 1400 miles of Victorian rivers 
are subject to river improvement and this mileage is divided about equally between 
coastal streams and those flowing into the Murray. The location of the various 
river improvement areas is shown in Fig. 2. About 75% of the total river distance 
indicated has been subject to snagging and some 25% of this also has been given 
erosion control works. 

(c) Pollution 

Most of us have seen obvious acts of pollution such as factory effluent discolour¬ 
ing a river, spray drift from an aircraft being carried by wind as a visible cloud far 
beyond its* target area, and of oil slicks accumulating on some seashore along with 
animals that have been maimed or killed. Less obvious but equally serious pollution 
occurs when salty drainage water from irrigation areas finds its way into rivers, 
when water is taken from a river in large quantities to cool some industrial opera¬ 
tion and returned with sufficient gained heat to warm the whole river by 10 F or 
so, or when sewage effluent is discharged into a natural water. 

? The effects of heated water and factory wastes on the aquatic environment are 
most damaging during periods of low river flow, but at any level, there is a substan¬ 
tial reduction in the number and variety of life forms that can exist. 

Pesticides are extremely toxic to fish, aquatic animals, and to birds and terres¬ 
trial animals, and the misuse of these materials on or near a river is always followed 
by deaths in one or more of the animal groups mentioned. Fish deaths are some¬ 
times extensive and quite obvious, but other animals are much harder to see for 
they often die in places which are hidden from normal view. With pesticides, there 
is also a danger that animals which survive may be permanently affected in other 
ways. For example, their capacity to reproduce may be impaired. 

Purified sewage effluent contains phosphates and nitrates and when it enters 
natural waters, it has the same effect as the addition of fertiliser and increases the 
capacity of the water to support both animal and plant life. However, if this process 
of ‘enrichment’ or ‘eutrophication’ as it is called goes on without being checked, the 
character and appearance of the water concerned may be completely changed. Clear 
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water becomes dense green water with floating rafts of vegetation; a sandy bottom 
becomes dark and muddy and the margins of the water support a prolific growth of 
rooted plants. Only certain types of fish and other animals can live in waters of this 
sort. 

Salty drainage water entering a river produces little change if the final salt 
concentration is low, but as the salt level increases, so too will changes occur in the 
animal and plant communities. 

Life in many of our coastal streams, particularly estuarine areas, has suffered 
extensively from industrial pollution and this lethal influence is now extending into 
our large bays. The spillage of oil and other toxic materials is becoming a major 
problem in some marine areas and most of us became acutely aware of this when 
oil lost from the tanker ‘Torrey Canyon’ which ran onto a reef in 1967, killed 
marine life along the coasts of Britain, France, Spain, Portugal and North-west 
Africa. 

(d) Poor Forestry and Agricultural Practices 

In the natural state, a stream in mountainous and heavily timbered country is 
clear even after heavy rain, but this situation can change significantly if trees are 
taken from the catchment area. It is not the removal of trees which creates the 
problem, but the roads and trails that are constructed to allow logging to proceed, 
for if these are poorly located, they act as drains for rain water which scours the 
forest litter and soil beneath it and transports it to the river. Clear streams with rock 
and gravel beds can fill up with sand and organic matter in a short time and the 
animals and plants that can live in these situations are quite different from those 
which favour the clear rocky streams. 

Trees and shrubs normally form a border of varying width on both sides of 
rivers and many species of birds and small mammals (e.g. feathertail gliders and 
gliding possums) find excellent homes and abundant food in these areas. The 
removal of this vegetation simply eliminates the animals. 

The results of poor agricultural practices are evident along the banks of many 
streams and have resulted sometimes in severe erosion where cultivation of the land 
has come too close to the river or where tracks to the water have been made without 
thought of erosion, or where cattle, pigs or sheep have been given free access to a 
stream. These practices cause river banks to break down and may turn a clear rocky 
stream into a muddy place with badly eroded banks. 

(e) Deliberate Physical Modification of the Environment 

One example of the action referred to here is the cutting of an artificial entrance 
to the Gippsland Lakes in 1889 to benefit the agricultural use of adjoining lands. 
The lakes used to have an intermittent natural outlet to the sea which was sealed off 
by sand deposition during prolonged dry spells. 

One major effect of making a permanent connection between the lake system 
and the sea has been to increase gradually the salinity of the lakes and this has 
killed reedswamp vegetation which grew around the edge of these waters and which 
had a stabilizing effect on the shoreline. Without the protection against wave action 
afforded by these plants, the lake margins are beginning to erode. Freshwater 
animals have also suffered in these situations. 

Gold mining with bucket dredges and hydraulic sluices was a widespread 
activity in Victoria for many years. Dredges are large machines about the size of a 
small four-storey building which extract gold and other minerals from the earth 
below an approximate surface area of three acres per year. The material lifted by a 
dredge was about one part soil and gravel to two or three parts of water. Dredges 
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worked in streams as well as on the river flats and in estuaries and the ground was 
worked to about sixty feet below water level. Dredging started at about the turn of 
the century and by 1910, fifty-three machines were operating in Victoria. 

Hydraulic sluicing was carried out in Victoria after the early 1850’s and this 
operation involved the undermining of the face of an excavation by the cutting 
action of a jet of water. In the sluicing action, at least fifteen parts of water were 
used to about one part of material raised. In 1907, there were eighty-four hydraulic 

sluices operating in Victoria. , 

Dredging and sluicing had a totally destructive effect on the stream bed and 
the discharge of water used in these operations probably had an extremely adverse 
effect on animal and plant life for many miles downstream. The long-term effects 
of mining are unknown but the physical scars of the operations are still evident in 

some areas. . e 

A very significant modification of the aquatic environment was the drainage ot 
wetlands which were not directly associated with rivers. It is difficult to give the 
original size of these areas in Victoria, but a conservative estimate of 500,000 acres 
has been made and more than half of this area has now been lost through drainage 
by both private owners and Government departments or agencies. 

(f) Introduction of Exotic Species of Animals 

Introduced terrestrial animals such as the sheep and rabbit have, through the 
effects of over-grazing and by digging extensive warrens in the case of the rabbit, 
caused wind and water erosion. The water eroded soil washes into rivers and pro¬ 
duces changes which cannot be ignored. However, their total effect is probably small 
in relation to other changes. 

The composition of the freshwater fish community has been changed substanti¬ 
ally by the successful acclimatization of nine out of twelve exotic species that were 
introduced. Two of these species are very popular with sport fishermen, rainbow 
trout ( Salmo gairdneri) and brown trout ( Salmo truttd)\ one species, the European 
or English perch (Perea fluviatilis) has gained some popularity in recent years, 
perhaps because of its widening distribution, but it is still disliked by a large group 
of anglers; five species, the mosquito fish (Gambusia affiftis ), roach ( Leuciscus ruti- 
/ws),tench (Tinea tinea), goldfish (Carassius auratus) and crucian carp (Carassius 
carassius) have little or no appeal to fishermen generally and the last species, Euro¬ 
pean carp (Cyprinus carpio) is extremely unpopular because of its habit of making 
water dirty and of thriving under conditions which cannot be tolerated by most 
other fish. 

The New Aquatic Environment 

The only parts of the new environment which may be similar to the old are to 
be found in remote highland areas above the big dams. Even in these situations, 
many of the streams have changed due to agricultural activities or logging and 
occasionally to mining operations. Those areas w'hich are still truly pristine are 
very difficult to find. 

The lakes behind the big dams are themselves very large and completely new 
environments and have a total area when full of about 120,000 acres, but they are 
of very limited value to the animals and plants of the older regime. From a fisheries 
viewpoint, introduced species such as English perch, carp and trout have done well 
in a few of these lakes but more often fishing is very poor and the reasons for this 
are not understood. 

The most productive waters for ducks and other waterfowl are those which are 
less than 2 feet deep and which hold water long enough to allow the development 
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of the plants and animals which serve the waterfowl for food. The margins of the 
big lakes are of little or no value for waterfowl because the land runs steeply into 
the water. 

Below the big dams, the old environment is changed almost beyond recognition 
but occasional glimpses of it are yet to be had when torrential rainfall overflows the 
dams and downstream feeders run full. 

Most rivers are confined to their bed by regulated releases of water from dams 
and the former seasonal pattern of rise and fall in level along with the characteristic 
temperature, turbidity and chemistry have largely gone. Very often, the regime 
imposed by regulation of flow is in complete contrast to the one it replaces and 
animals of the older environment have been reduced drastically. 

The pools and riffles (broken water) created by fallen logs and flood debris and 
the nearly endless variety of hiding, resting and breeding places that they also 
provided for fish and other animals have been and are being eliminated by syste¬ 
matic river improvement and few, if any, of our native animals can use the new 
environment successfully. 

Considering the effect of the new environment upon species of native fish, the 
grayling ( Prototroctes maraena) is for all practical purposes now extinct. The 
Macquarie perch ( Macquaria australasica ) is seriously threatened with extinction 
and fish such as the Murray cod ( Maccullochella macquariensis) , trout cod ( Mac - 
cullochella mitchelli ), Australian bass ( Percolates novemaculeatus ), blackfish 
(Gadopsis marmoratus) and catfish ( Tandanus temdanus) are becoming scarce and 
in some cases are rare. The effect of the new environment on smaller species such 
as smelt ( Retropinna semoni) and galaxids ( Galaxias spp.) is not known. 

The enormous reduction in the wetland areas has substantially reduced the 
numbers of ducks and other water birds. The Brolga or Native Companion which 
requires water between 6 in. and 12 in. deep as an essential element in its habitat 
has almost disappeared from Victoria. 

The drainage of riverside areas and the removal of trees and shrubs has elimi¬ 
nated large numbers of animals and plants and a classic example of a bird species 
threatened by these operations is the Helmeted Honeyeater which now has a total 
population of less than 300 individuals. 

The platypus has been reduced in numbers in areas where river banks have 
been over-grazed and eroded. 

Pollution in its many forms is chronic in some coastal areas and intermittent 
elsewhere and there is a slow but progressive deterioration in the quality of the 
environment from this source, from some agricultural practices and from deliberate 
physical changes. 

Little information is available on changes which have occurred among amphib¬ 
ians, reptiles and the very large number of invertebrate animals that live in or near 
water, but all representatives of these groups might be expected to react to changes 
which have occurred, in much the same way as other groups that have suffered. 

The teeming bird, fish, amphibian, reptile, mammal and invertebrate life that 
characterizes the river backwater systems after their periodic filling and which is 
almost beyond the belief of those who have not seen it at close quarters, is becoming 
a comparatively rare event and seems ultimately to be doomed. 


The Balance Sheet and the Future 

Much if not most of the old aquatic environment is lost and the remainder has 
been altered substantially. Large new areas have been created but like the older 
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ones that have changed, these are of very limited value for the animals and plants 
of the older environment. 

Major changes have been brought about by water conservation, flood control 
and drainage projects with the final objective of increasing food production. In this 
driest-of-alT continents, it is difficult to be critical of the widely accepted means that 
were employed to achieve this end except perhaps to say that conservation of the 
aquatic environment received little or no consideration in the early planning for 
water conservation. Fortunately this situation is changing, but there is little hope of 
making any significant restoration of the aquatic environment unless there are, in 
the foreseeable future, radical changes in the use of natural waters for primary 
production and for industry. 

Partial restoration of some specially chosen areas such as a swamp or river area, 
together with detailed subsequent management so as to imitate features of the older 
environment will be needed in the near future if animals and plants that are now 
threatened with extinction are to be retained. This general sort of approach has 
already been made at two places, where swamp drainage is being compensated for 
by the provision of special ponds into which water will be pumped at the appropri¬ 
ate time of the year in order to improve the environment for waterfowl. 

There is great scope for improving the quality of the aquatic environment by 
eliminating pollution, by controlling unwise agricultural practices, by studying fully 
the implications of any planned change in the environment and by avoiding the 
introduction of new animals and plants without the fullest possible assessment of 
their future effects. Pollution in its various forms must be controlled and the cost 
of rendering harmless each and every pollutant must ultimately be paid for and 
accepted by you and me. 
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High Temperature Plagioclases from 
The Tertiary Volcanic Rocks of Central Victoria 

By Dov Bahat 

ISPRA—Israel Product Research Company Ltd., 8 Zcitlin Street, Tel Aviv, Israel* 


Abstract 

The distribution of alkali feldspars in basic rocks of the Newer Volcanic series of Victoria 
has been overestimated. The plagioclases of the various basic rocks were formed under similar 
thermal conditions, and show a close affiliation with the rocks in which they occur. The lime 
content of the rocks is controlled by the plagioclases and pyroxenes in an interdependent 
relationship. In these rocks the potassium content of the plagioclases was determined mainly 
by the extent of reaction between the residual potash-rich solution and the plagioclase at low 
temperatures. Infrared data for plagioclases are utilized for paragenetic considerations. 


Introduction 

Thirty-three plagioclases were separated from various volcanic rocks of the 
Newer Volcanic Series of the Tertiary alkaline province in Central Victoria. All 
the samples were examined twice, each time with a new mount, by the X-ray 
powder method in the range of 20 — 20°—32°. Twelve plagioclase samples which 
were satisfactorily purified, representing a reasonably wide composition range of the 
volcanic rocks, and showing sharp reflections in X-ray patterns (Fig. 1), were 
chemically analyzed in duplicate for CaO, Na 2 0, and K 2 0. Ca was determined by 
a titrimetric method with E.D.T.A., and calcein mixture indicator. The alkalies were 
determined by flame photometry. Ten representative samples were examined by 
infrared absorption. The results are presented and discussed below (Table I). 


Anorthoclase in Basic Rocks 

It was realized from X-ray patterns, that only in rare cases were alkali feldspar 
phenocrysts a large proportion of the feldspars in these basic rocks, despite the fact 
that in some trachybasalts (at Turpin’s Falls) plagioclase phenocrysts had been 
previously identified as anorthoclases on optical data (Edwards 1938). In some 
basic rocks occasional highly resorbed alkali feldspars do occur. They are particu¬ 
larly common in some basalts NE. of Woodend near Sugarloaf Hill. As indicated 
by studying the relief of such feldspars, resorbed plagioclases are sometimes associ¬ 
ated with resorbed alkali feldspars. On the present evidence, it would seem that the 
distribution of alkali feldspars in basic rocks has been overestimated, and accord¬ 
ingly it is suggested that the rocks defined by Edwards as anorthoclase basalts, 
should be renamed alkali feldspar-bearing basalts. 

* Previously Department of Geology, University of Melbourne, Parkville, Victoria 3052, 
Australia. 
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Fig. 1—X-ray powder patterns of high-temperature plagioclases. A and B are typical 
patterns of plagioclases which are considered to have been successfully separated from 
their rocks (Nos. 11 and 5 respectively). C, D and E are patterns of plagioclases which 
are considered to have been unsuccessfully separated from their rocks, and therefore 
discarded from further investigation. These plagioclases are from basalt, maccdonite 

and trachybasalt respectively. 


The Thermal State 

The variation of 20(131) —20(131) with composition of the plagioclases is 
shown in Fig. 2 (after Smith & Yoder 1956). All the plagioclases investigated from 
the Victorian rocks fall between the high and low temperature lines, as might be 
expected, with the exception of samples Nos 1 and 10 (Table I), which fall on the 
high temperature line. Thus, it is inferred that most of the plagioclases were formed 
in a similar thermal state. 
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TABLE 1 

CHEMICAL AND X-RAY DATA ON HIGH TEMPERATURE PLAGIOCLASES 


No. 

position 
of Rock* 

CaO 

Na 2 0 

k 2 o 

An 

Ab 

Or 

Total 

An 

An+Ab+Or 

(131)-(131) 

1 

-3.09 

10.03 

5.39 

0.82 

49.76 

45.61 

4.85 

100.22 

49.65 

1.98 

2 

-2.00 

11.53 

4.54 

0.44 

57.19 

38.44 

2.60 

98.23 

58.22 

1.99 

3 

-1.68 

12.19 

4.46 

0.26 

60.47 

37.57 

1.52 

99.56 

60.74 

2.03 

4 

-1.42 

10.83 

4.90 

0.62 

53.72 

41.47 

3.67 

98.86 

54.34 

1.97 

5 

-1.33 

9.22 

5.61 

1.21 

45.74 

47.47 

7.15 

100.36 

45.58 

1.89 

6 

-0.58 

12.14 

4.27 

0.56 

60.25 

36.11 

3.31 

99.67 

60.45 

1.98 

7 

0.06 

10.35 

4.79 

1.16 

51.35 

40.32 

6.87 

98.54 

52.11 

1.85 

8 

0.63 

11.89 

4.72 

0.24 

58.97 

39.92 

1.43 

100.32 

58.78 

1.95 

9 

0.80 

9.73 

5.39 

0.97 

48.28 

45.59 

5.73 

99.60 

48.47 

1.89 

10 

3.38 

8.80 

10.32 

0.60 

43.65 

51.18 

3.52 

98.35 

44.38 

1.96 

11 

5.52 

9.54 

5.28 

1.11 

47.31 

44.68 

6.57 

98.56 

48.00 

1.92 

12 

5.74 

8.85 

5.39 

1.63 

43.90 

45.61 

9.65 

99.16 

44.27 

1.88 



* Position of 

rock 

is determined by 

(Si/3 

+ K) - (Ca 

+ Mg) 



(Nockolds & Allen, .1953). 

Notes on origin of specimens : 

1. Coarse feldspathic basalt, Mt Porndon; 2. Basalt, Springfield; 3. Near the road between 
Sydenham and Digger’s Rest; 4. Basalt, Trentham Falls; 5. Basalt, SW. of Kyneton; 6. Basalt, 
Gisborne; 7. Basalt, Mt Anakie (western peak); 8. Basalt, Mt Gorong; 9. Basalt, W. of New¬ 
ham; 10. Trachybasalt, Turpin’s Falls; 11. Macedonite, Melbourne Hill; 12. Macedonite, Gis¬ 
borne. 

Anorthite Content of the Plagioclases 

The variation of the plagioclase composition with the position of the rock as it 
is determined by (Si/3 +' K) — (Ca + Mg), (Nockolds & Allen 1953) is shown 
in Fig. 3. An expected trend can be observed: the more basic the position of the 
rock, the higher is the anorthite content of the plagioclase. Larsen et al. (1938a) 
studied the plagioclase feldspars from the Tertiary volcanic rocks of the San Juan 
Region in Colorado, and decided that many of the phenocrysts were foreign to the 
rocks in which they were present. They based this conclusion on several factors. 
One was the surprisingly slight relationship between composition of plagioclase 
phenocrysts and composition of rock or groundmass. The plagioclases in Central 
Victoria show much closer affinity to the rocks than do the plagioclases of the San 
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Juan Region. They were derived from the same magma from which the rocks were 
crystallized. However, in Victoria there is considerable scattering around the curve 
correlating the anorthite content of the plagioclase with the position of the rock. 
When this result is compared with the almost linear correlation obtained by plotting 
the calcium content against position of the rock (writer’s unpublished Ph.D. thesis), 
it is apparent that the lime content of these rocks is not controlled by only the 
plagioclases. Control is exercised also by other minerals, mainly pyroxenes. Car¬ 
michael (1960) reached similar conclusions; he found a lack of equivalence between 
the fractionation stage of the pyroxene phenocrysts and the fractionation stage of 
the feldspar phenocrysts in some British and Icelandic Tertiary acid glasses. Car¬ 
michael’s explanation was that, possibly due to difference in temperature of crystal¬ 
lization, ‘the early separation of a calcium-rich pyroxene in varying amounts may 
cause variation in the CaO:Na 2 0 ratio of the liquid, so that to a limited extent the 
anorthite content of a later-separating plagioclase may be controlled by the amount 
of the calicum-rich pyroxene separating.’ 

Orthoclase Content of the Plagioclases 

The orthoclase content of the plagioclases varies between 1 43% and 9 65%. 
This variation with respect to the position of the rock, is shown in Fig. 3. There is 
no systematic change in the orthoclase content, but generally, the more acid rocks 
have plagioclases with higher content of potash. A similar trend was observed by 
Larsen et al. (1938b). When Fig. 3 is compared with the curve obtained by plotting 
the potassium content of the rock against the position of the rock (Bahat, above), 
it appears that whereas in the various basic rocks the potassium content is steadily 
changing, in the respective plagioclases there is a pronounced variation in potash 
content."Tuttle and Bowen (1958) demonstrated that lime-rich high-temperature 
alkali feldspars from trachytes had been plagioclases, which reacted with potash- 
rich solutions in late stages of the trachytic magmatic evolution. In a similar way, it 
is suggested that potash-rich plagioclases from macedonite rocks (Samples Nos 
11 and 12) reacted with the residual potash-rich solution prior to the final crystal- 



Fig. 2—Variation of 20(131) — (131) with composition in plagioclases (shown by solid 

circles). Per cent anorthite is calculated as —— — A - ■ -. The upper line is produced 

/i n -f- A b -f- Ur 

by synthesized plagioclases, the lower line is produced by plagioclases from thick strati¬ 
form mafic intrusions (Smith & Yoder 1956). 
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Fig. 3—In the upper part of the figure, variation of mol per cent anorthite in plagioclase 
with the position of the rock. In the lower part of the figure, variation of mol per cent 
orthoclase in plagioclase with the position of the rock. The position of the rock is deter¬ 
mined by (57/3 -f K) — (Ca -f Mg) (Nockolds & Allen 1953). 

lization. Thus, in these rocks the plagioclases became rich in potash because (a) 
these rocks were potash-rich, hence there was higher availability of potash for 
reaction with the plagioclases; (b) a considerable amount of potash was left avail¬ 
able in solution for late reaction of the plagioclases, through some process which 
did not enable the potash to be introduced into minerals other than plagioclases. 

The latter condition (b) should apply mainly to the more basic rocks and this 
assumption is confirmed by the petrography. The potash content is quite similar in 
these various rocks but they are characterized by different textures. Rocks Nos 3 
and 8, which have plagioclases with low potash content are also typified by a 
groundmass rich in glass, which must be rich in potash, because of the content in 
the rock analysis. Thus, the late stage of the rock crystallization could not have 
permitted a reaction between the plagioclase and the solution. For some unknown 
reason, these rocks are pyroxene-poor. The basalts having potash-rich plagioclases, 
Nos 5, 7 and 9, are holocrystalline and are rich in pyroxenes. It is considered that 
in these rocks the plagioclases had opportunity to react with the potash-rich solu¬ 
tion. Thus it can be concluded that the potash content in high-temperature plagio¬ 
clases is determined by the availability of potash and by the crystallization process, 
which resolves the extent of late reaction between the plagioclase and the solution. 

Sen (1959) investigated the potash content of natural plagioclases. He found a 
definite trend of increasing potassium content with increasing temperature of forma¬ 
tion from amphibolite facies, granulite facies and volcanic rocks. He also concluded 
that availability is important—an increased relative concentration of potassium in 
the environment will enrich the plagioclase in potassium to a point which will be 
determined by the limit of solubility. His second conclusion is supported by the 
present results. When Sen’s first conclusion is considered, it appears that although 
in various rock series (amphibolite, granulite, and volcanic rocks) there is a trend 
towards increasing potassium content with increasing temperature, in the volcanic 
rocks the extent of reaction at low temperatures determines the potassium content 
of the plagioclases. 

Muir & Tilley (1961) pointed out that hawaiites and mugearites are character¬ 
ized by strongly zoned feldspars, ranging from calcic andesine to lime anorthoclase 
in hawaiites, becoming more sodic in mugearites. The plagioclases separated from 
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Fig. 4 —Infrared patterns of plagioclases from various volcanic rocks in Victoria, in the 
frequency range 600-900 cm" 1 . A—Macedonite, Melbourne Hill. B—Basalt, Holder. C— 
Basalt, N. of Benambra. D—A basic rock, Mt Beauty. 


the macedonites (Nos 11 and 12) are as basic as An 47*31 and An 43*90. This 
composition corresponds to the central portion of large, strongly zoned plagioclases 
from mugearites described by Muir & Tilley. The Or content of the plagioclases 
separated from the macedonites is comparable to the Or content of the plagioclase 
fractions of feldspars from mugearites described by Muir & Tilley (1961 Table II, 
Analyses 13, a, 15, a). 

Fig. ID is an X-ray pattern of a plagioclase which was incompletely separated 
from a macedonite and therefore discarded from further investigation. Fig. IB on 
the other hand is a pattern of a plagioclase which was successfully separated from 
another macedonite (sample No. 11). The same separation method was used for 
all the rocks of the present investigation (Frantz Isodynamic Magnetic Separator), 
yet the results were different, due to differences in zoning. As was shown by Muir & 
Tilley, the present X-ray data indicate that in these basic-intermediate rocks, which 
are comparatively potash-rich, one should expect considerable variations in com¬ 
position and zoning phenomena in feldspars, probably due to variations in cooling 
histories. 

Infrared Investigation 

Thompson & Wadsworth (1957) correlated shifts in absorption peak locations 
with certain structural changes in plagioclases. Hafner & Laves (1957) distin¬ 
guished between low and high temperature plagioclases according to changes in 
infrared absorption bands. It is expected that different plagioclases of a given 
composition will show variations in their infrared absorption patterns, correspond¬ 
ing to differences in their thermal histories. 
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Figs 4A, B show typical infrared patterns of plagioclases from the Newer Vol¬ 
canic series in Central Victoria. Variations in patterns of plagioclases in this pro¬ 
vince are characterized by different intensities of the broad peak in the 750 cm -1 
region. Fig. 4D shows an infrared pattern of a plagioclase which was separated 
from a volcanic rock collected near Mt Beauty. Unfortunately this rock was not 
in situ, but it could be of Palaeozoic age. The infrared pattern is quite different, 
although the rock specimen resembles a basalt from Central Victoria. Fig. 4C 
shows an infrared pattern of a plagioclase separated from a basalt collected in East 
Victoria, N. of Benambra. The difference between this pattern and those of the 
plagioclases from Central Victoria is not so pronounced; still there is an obvious 
difference. The plagioclase from North Benambra is the only one which is charac¬ 
terized by having an absorption peak at 675 cm* 1 , which is deeper than the absorp¬ 
tion peak in the 825 cm -1 region. This suggests that the basalt from north of 
Benambra has had a different thermal history from the basalts of Central Victoria, 
implying that the lavas from N. of Benambra do not have affinities with the Newer 
Volcanic series of Central Victoria. 
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A Revision of the Family Columbariidae (Mollusca: Gastropoda) 

By Thomas A. Darragh 

National Museum of Victoria, Russell Street, Melbourne, Victoria 3000 

Abstract 

The family Columbariidae comprises the genera Columbarium, Fulgurofusus, Coluzea , 
Serratifusus gen. nov. (Type species, Fusus craspedotus Tate 1888), Hispidofusus gen. nov. 
(Type species, Fusus senticosus Tate 1888) and Histricosceptrum gen. nov. (Type species 
Columbarium atlantis Clench and Aguayo 1938). 

Apart from the genus Coluzea all species of these genera are redescribed and one new 
species of Hispidofusus , six new species of Serratifusus and two new subspecies of Columbarium 
are described from the Tertiary of Victoria. 

The genus Columbarium is recorded from the Maestrichtian and Paleocene of Europe, 
from the Eocene of the southern United States, the Upper Eocene to Recent of Australia and 
possibly the Paleocene of New Zealand. 

Fulgurofusus is recorded from the Paleocene and Eocene of the United States and living 
in the Atlantic and South Pacific Oceans. 

Coluzea is newly recorded from the Middle Eocene of Europe and the south and east 
coast of southern Africa. 

Introduction 

The family Columbariidae consists of a small group of about fifty species distri¬ 
buted by the writer in six genera, three of which are new. The origin of the family 
is obscure, as fossils are rare except in Australia and New Zealand, and those that 
are available shed little light on the subject. Recent species are widely distributed 
in the Indo-Pacific area and the West Atlantic but as they are common only in 
moderately deep water, say 70-400 fathoms, no museum has an extensive collection 
of them and indeed many species are founded on unique specimens, or at most two 
or three. In this paper the majority of the described species are re-examined with 
particular emphasis on the Tertiary species of South-Eastern Australia, to which 
are added eleven new species or subspecies. As the revision of the family arose 
from work on the Australian fossils, the New Zealand genus Coluzea , which has. 
many living and fossil species, has not been studied in great detail. 

Historical Review 

The family Columbariidae was erected by Tomlin in 1928 (p. 330) for a single 
genus Columbarium which combined certain features of the radula and aperture of 
the Muricidae with the form and protoconch of the Fusininae, but with its own 
characteristic operculum. 

Columbarium itself was introduced in 1881 by Martens as a subgenus of 
Pleurotoma for two living species, Pleurotoma (Columbarium) spinicincta Martens 
1881 from Eastern Australia, and Fusus pagoda Lesson 1834 from Japan. Its place¬ 
ment in the Turridae (= Pleurotomidae), on evidence from the radula examined 
by Schacko (in Martens 1881) was later shown to be erroneous. Two later authors, 
Watson (1882) and Tate (1888), in describing respectively, living and fossil repre- 
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sentatives of Marten’s new genus, preferred to describe their species as Fusus rather 
than Columbarium because on conchological grounds they would not accept the 
assignment of their species to the Turridae. 

Of the authors of the conchological monographs both Fischer (1883) and 
Tryon (1884) accepted Martens’s placement, though Tryon was not completely 
satisfied with this assignment, but Cossmann (1896, 1901) preferred to place 
Columbarium with the Fusidae (= Fusininae). In 1901 Martens added a further 
two species to the genus which he retained in the Turridae (= Pleurotomidae). 

In 1922 Peile examined an undoubted radula of Columbarium pagoda and 
found that the genus should not be placed in the toxoglossa i.e. the Turridae, but 
rather, the rachiglossa near the Muricidae. He suggested (p. 14) that Schacko's 
original specimen figured as the radula of C. spinicinctum was in fact the remains of 
a crustacean. Three years later (1925) Thiele re-examined Schacko’s slide and 
would not accept that the two isolated objects thereon were radula teeth. He placed 
the genus in the Muricidae between Typhis and Mure.x on the evidence of the 
operculum and radula. 

Subsequent to Tomlin’s creation of the family Columbariidae in 1928, Finlay 
(1930) tentatively placed therein two other genera, Fulgurofusus, an American 
Paleoccne genus described by Grabau in 1904 (Type species, Fusus quercollis 
Harris) and Coluzea , a New Zealand genus with living and Tertiary representatives, 
which Finlay himself had erected in 1927. Finlay and Marwick 1937, further dis¬ 
cussed the affinity of Columbarium, Coluzea and Fulgurofusus , and described the 
first species of the latter to be recorded outside North America, Fulgurofusus vulner- 
atus from the Wangaloan stage (Paleocene). 

Wenz in 1941 reduced the status of the family to that of a sub-family within 
the Muricidae and doubtfully accepted Finlay’s inclusion of Coluzea and Fulguro¬ 
fusus. ... , . , t 

Finlay’s assessment of the systematic position of Coluzea was ultimately shown 
to be correct by Dell 1956 (p. 47, fig. 49), who found that the radula and oper¬ 
culum of Coluzea mariae Powell were characteristic of the family. 

Clench’s monograph of Atlantic Columbariidae (1944) listed the species known 
to the author, but some are omitted. Apparently Clench was not aware of Finlay’s 
work, as only the genus Columbarium is discussed. 

The latest significant contribution to our knowledge of the family is that of 
Barnard (1959) who examined the radulae and opercula of four of the five South 
African columbariids and confirmed Tomlin’s original definition of the family. 

Origins of the Family 

The earliest records of columbariids are from the Maestrichtian and Paleocene 
of Western Europe and the Paleocene of the United States and New Zealand. The 
earliest species of Columbarium at present known makes its appearance in the 
Maestrichtian of the Netherlands and ranges into the Paleocene of Belgium, Poland 
and probably New Zealand. A single species is known in the lower Eocene of the 
southern United States. There are no other fossil records apart from Australia where 
the senus appears in the Upper Eocene and continues to the present day. 

The American genus Fulgurofusus appears in the Paleocene and ranges into the 
Eocene but there is no other fossil record of descendants. However if the writer’s 
interpretation is correct, related species are still living in the Atlantic and off the 
New Zealand coast. The New Zealand fossil species originally described as Fulguro¬ 
fusus vulneratus Finlay and Marwick is thought by the author to have more affinity 
with Columbarium. 


FAMILY COLUMBARIIDAE (MOLLUSCA: GASTROPODA) 65 

Coluzea appears in the Middle Eocene of the Paris Basin and also occurs in 
the Lower Oligocene of Germany. There are no other fossils known to the author 
apart from those of New Zealand, where the genus was established in the Lower 
Oligocene and continues to the present day. Serratifusus , a seemingly related genus 
and possibly derived from it, known only from SE. Australia, ranges from Lower to 
Middle Miocene. Another Australian genus with the same range, Hispidofusus, 
exhibits features of both Serratifusus and Columbarium. 

The origin of the African recent columbariids is obscure. There is no known 
fossil record so it seems likely that they are either recent immigrants from Australia 
and New Zealand, or that sediments representative of the depths at which they are 
presently found are not known in the African Tertiary. 

The Japanese Columbarium pagoda (Lesson) and the New Zealand C. veri- 
dicum Dell are probably of recent origin derived from Australian stock. 

Notes on Stratigraphic Terminology 

For the purposes of this paper the stratigraphic correlation and stages as out¬ 
lined by Ludbrook 1967 have been used, but with the following modification. The 
Cheltenhamian is retained in its usual position at the top of the Miocene because 
of the occurrence of the Miocene cephalopod Aturia at its type locality. 

Recently O. P. Singleton (1967) replaced the stages with a system of molluscan 
assemblages and these are indicated in the table using Arabic numerals, though the 
author prefers not to drop the old system of stage classification until some of the 
assemblages are better known. At our present state of knowledge the stages allow 
more room for error in correlating the various faunas. 

Stratigraphic Distribution of Australian Tertiary Columbariidae 

The Eocene and Oligocene columbariids of South-eastern Australia are not of 
great significance because few outcrops are available, and in some cases only a few 
individual specimens are known. However, in the Lower Miocene, during conditions 
of deeper water over large areas of South-eastern Australia, they become wide¬ 
spread and relatively common and reach their zenith in the Middle Miocene. 
Thereafter, due to the widespread Upper Miocene regression with conditions of 
shallow water, they become rare and in the Pliocene absent, except for a single 
broken specimen from the Abbatoirs Bore in South Australia. The following table 
gives an outline of their stratigraphic and geographical distribution. 

Notes on the Systematic Descriptions 

The length of the descriptions of all species has been kept to a minimum by 
omitting repetition of all characters common to the genus and hence found in the 
generic descriptions. Species descriptions are arranged in order of stratigraphic 
occurrence. 

All measurements are in millimetres and a standard set of measurements have 
been taken as follows: L, Total length of specimen. LS, Length of specimen exclud¬ 
ing canal. HA, Height of aperture measured parallel to the axis of the shell. W, 
Width of the final whorl from edge to edge of the keel and not including project¬ 
ions such as spines or flanges. 

All localities mentioned are in Victoria, Australia unless stated otherwise. The 
grid references are taken from the standard inch to one mile Australian Military 
sheets and the name of the appropriate sheet is given before the number of the 
reference. During this study, the writer has visited and collected columbariids at 
most localities for which grid references are quoted. 
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Systematic Descriptions 
Superfamily Muricacea 
Family Columbariidae Tomlin 1928 

Elongate fusiform shells generally prominently keeled and with a siphonal canal 
longer than the spire. Protoconch deviated, paucispiral. Axial sculpture reduced. 
Operculum horny, pyriform, narrowing regularly to an acute point with an apical 
nucleus. Central teeth of radula with a curved plate with three cusps flanked on 
either side by a single elongate lateral. 

Stratigraphic Range: Maestrichtian—Recent. 

Comments: Wcnz (1941, p. 1085) reduced the status of the family to that of 
a subfamily within the Muricidae; however, this is not accepted by later authors 
such as Barnard (1959) or Dell (1956) and is not accepted by the writer. It is 
true that there are certain features of the columbariids which do approach those of 
the muricids, for example the radula and the apertural characteristics of Colum¬ 
barium, but the overall morphology of the shell, the nature of the operculum and 
protoconch suggest relationships with the Fasciolariidae. Also, the group has a long 
geological history with its origins in the Cretaceous, and is not directly derived from 
the Muricidae. It seems reasonable, therefore, to give the group family rank within 
the Muricacea. 

Hispidofusus gen. nov. 

Type Species: Fusus senticosus Tate 1888. 

Etymology: L., hispidus, a, utn, hairy, prickly; L., fusus, -/, spindle; gender 
masculine. 

Description: Shell elongate, fusiform of regularly convex whorls cut by a keel 
bearing short triangular spikes. Protoconch of two whorls, the first somewhat 
globose deviated perpendicular to the axis of the shell, the second smooth and 
differentiated from the spire whorls. Spiral sculpture of first spire whorl in the form 
of a keel beginning rather abruptly at the end of the protoconch. Adult whorls 
convex, almost tumid, with numerous prominent lirae bearing well developed spines 
or scales. Aperture oval with the inner lip covered with a curved plate; outer lip 
denticulate within. Canal long and only slightly twisted. 

Stratigraphic Range: Lower-Middle Miocene. 

Distribution: South-eastern Australia. 

Comments: This genus is intermediate in morphology between Columbarium 
and Serratifusus . Its protoconch is intermediate between the two. It has a Colum- 
barium- like aperture, but the overall shell morphology is that of Serratifusus. How¬ 
ever the inner lip has not the prominent almost semicircular plate typical of Colum¬ 
barium but is ‘plastered' over with a thick callus. The outer lip of Columbarium is 
not denticulate within. Serratifusus on the other hand has two or three ribs on the 
final protoconch whorl and never has the inner lip covered. Most Australian work¬ 
ers have been content to group the type species of the genus with the other species 
of Columbarium but Harris (1897, p. 133) retained it in the genus Fusus because 
of its typical 'Fusus* protoconch. Of the species of Columbarium it comes closest 
to the Upper Eocene C. cochleatum (Tate) and may well be derived from it, 
though no connecting forms are known. 

The record of Fusus senticosus from the Plantagenet beds of Albany by Chap¬ 
man and Crespin (1934) is based on two external moulds. Until further material is 
available it is not possible to determine their true affinities. 


68 


THOMAS A. DARRAGH 


Hispidofusus piscatorius sp. nov. 

(PI. 2, fig. 2-3, 5; Fig. 16) 

Diagnosis: An elongate Hispidofusus with convex whorls. Protoconch not 
greatly differentiated from spire whorls. First spire whorl faintly ribbed. Posterior 
whorl slope with two lirae bearing small scales. Anterior whorl slope of body whorl 
with about five prominent scale-bearing lirae, two of which are present on the spire. 

Description: Shell elongate, fusiform of convex whorls cut by a prominent 
keel bearing small triangular spikes. Protoconch globose, smooth, of two whorls, 
first whorl deviated and, at the end of the second, plicate with a median nodulate 
keel developing and the protoconch merging abruptly with the spire whorls. First 
and occasionally the second spire whorls are generally faintly axially ribbed, thence 
smooth with traces of spiral sculpture developing. Posterior whorl slope with two 
lirae which bear scales where they are crossed by the growth striae. Anterior whorl 
slope with about five more prominent lirae which bear larger scales; two of these 
lirae are also present on the spire. Aperture oval, columella lip covered with a thin 
curved lamina. Inner side of outer lip furrowed, the furrows corresponding to the 
lirae. Canal long and straight bearing spinose lirae of which two or three arc more 
prominent. 


Dimensions: 


Holotype 

P26453 

L 21 

LS 18 

HA 6 

W 9 

Canal broken 

Paratype 

P26455 

24-5 

16 

5-5 

9 

Curlewis 


Location of Types: National Museum of Victoria: Holotype P26453, Collect¬ 
ed NMV 14/12/1967; Paratype P26455, F. A. Cudmore Collection. 

Type Locality: Upper Mollusc horizon 70'-80' above Lake Craven on Fis¬ 
chers Point, Aire R. Grid Ref. Aire 352,163. Fishing Point Marl, upper part. 
Batesfordian. 

Stratigraphic. Range: Batesfordian, Lower Miocene. 

Occurrence: Type locality. 

Gellibrand Clay: Cutting on Princetown-Cobden Rd, 1*2 miles SW. of Melrose 
Rd, Grid Ref. Princetown 032,348; Cutting on Lavers Hill-Cobden Rd, Kennedys 
Creek, Grid Ref. Princetown 615, 239. 

Curlewis Formation: Curlewis. 

Glenelg Group, Myaring beds: Limestone Creek, Glenelg R., Listers Cliff, 
Glenelg R. 

Cadell Marl lens, Morgan Limestone: R. Murray cliffs left bank 4 miles S. of 
Morgan, S.A. 

Material: Type, and eight specimens. 

Comments: This is distinguished from Hispidofusus senticosus (Tate) by the 
ribbed or noduled early whorls which are lacking in the latter, by the protoconch 
which merges into the spire whorls, by the sculpture of the posterior whorl slope 
which is not as spinose and has only two rather than three lirae, and by having two 
spinose lirae on the anterior whorl slope of the spire whorls. The specimens from 
the R. Murray cliffs connect this species with H. senticosus as the protoconch ap¬ 
proaches that of the latter, but the overall morphology of the shell is that of H. 
piscatorius sp. nov. 
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Comparative Table of Genera 


FAMILY COLUMBARIIDAE (MOLLUSCA: GASTROPODA) 


69 


o 

iS*-5 
*0 * 

r? * 

2 O <U 

» D C 
«2 

3 

b acd 


3 


b 2 


^ a o 
9< c 


5 22 >*T3 « 

3 — O W) 

,cl)^C 
: c « ^ « 
i ed 


00 

9 • 

„ cd co 
— O 
cd •*-* 

E -a 

Sr w 

r- O u 

£ 


t— 

4) 


= *-« 
6 «2 


>>o b 
•— ■«-* o 

O C 
s- X 

b 2- 


> 

_ 3 ^ tJ) 

2lrf||» 

£'C ^ o 

D< rt w 


d> 

cd 

go 

C •/ 

0-3 CO 

« £ S 

-x-b 

•5 3 Dh 
.« w co 


£ 


P. O 


>3 o 

O U 00 

d u c 

2 3 Cd 

u ’DC 

<u 

c/3 


a 

< 


*r 1 • +-* • 

«8g2 

oiH 
> 00 
o 

O ! 


I* § 

JS?~-o 

*- 3 u- £ -3 

j 3 <y 

u, ;3 3 O * 
£*02<£ 
c 


O 2 o 3 
u y e o 
o22 X 

>00 c 

o ^ O 

O c Gh-o 


cd 


T3 
— o 

O X 


x: x -p 

u .3 3 O < 

g *02. 

c 


> -a 

> o 
X 


73 ' »-i _rT3 

oiJy^c • 
!3 22lx «.E 
S « 

U *0 co‘ -2 O * 

15 2 "cd __ 
q, *3 30 -4-j --1 73 
•x - cd O D o 
U c U > 

sf 3 al 2 

C * *X *X "O 00 
c 


S So § c 

8 |s «£ 

&§| a 

_ 5 . 9 .^ 

t- .3 b ^ 
o C P t- 3 
c * o <u cd 

c 


a 

33 cd 73 


m 3 
8.2 

b S d 

S’ 3 *3 

u ~ 
O w • — 

5 ? * 


■gs 


3 

?■» 

8c 


o*x 

c c 


00 




a 

35 cd 


<u > 
C > 

q 


fc’O 
c 0 cd 
S 0 

O «- 
u co X 
C«jo 
>,*3 

— 3 C 

fl W « 

3 r 

S oO 

a>Z 
3 


sz' 


— o 


c u .2: 
C CG a 


3 o 

■E.5 

CO tr, 


^ O 
. 0) 
3 «« p 
c 

T" i_ ~ 


CO 

p 

CO- - 
d» - 


3 _ 
f ‘ 3 


r c *cd 
*3 OJ ‘5,'X 
.h C « cs 
o, 

GO 


8 ? L ra 
2 g'5 s 

<u r c i> 

c o 3 c 

15 


gf 


(U t-1 »- 
3 0 0 
■ —• 


3 a 

1/5 

'£- o 
V5 —Z 

3 ^ 

<U 1/5 CO 3 

.5 x 2.5 
*5 .3 "cd h 

C O 3 
o * to o 


«> u 
3 O 

.bu 

— « 

3 E 
.fa< 
a* . 

to *J 

Sil 


3 CO 3 co 
G U 

<u G o>.3 

y;— /i l-. 

yao 

^ 63 

co'u C 3 

>% O u 

3 X O 

* * oZ 


3^3 


G O 

E 


. to • 
>* o t> 
"O -3 3 
3 O f? t- 

.E- 3 

cd C >-* 3 
60 OO 


6 0 
& Z 

.b 

•™ 1 co 

—1 Id . 
3 o cd 
u to ^ 

‘a b 

^ 0 3 
co O 
W " u 

G.b o 

.1 -‘5 

£° G 
o/a 3 


U fc- 1 

0 0 s 


3.b.bx 

i- a *- 'r 

33 to _<u u 

-z "1 

3^ O 3 
1/5 ^ to Z 

3 Qj ^ 

t- 3 3 
ox o C 

c - CO.2 


«J2 5 £.S 

j- 00 <u 

O O £*1>x 
^-.b >*o 

* rt & o 
w .b 3 

Hr. ed _gag 
<N_3- M 2 
o <*-4 g "2 
3^0 C 
u u 

O <!■> X O X 
"O ^73 3 

uT- o 2 o °< 
3 tx 3 3 - 

g)-§ 0 C 7 X 
C > ~ U P. co 

< 


OX I g 
•g rt £.E 
^ o e 

co “ O 
t- O o fc- 

^•03 a 
co^5 
3 >, 


1 - *r 
X OS 


«x 


to 


^ "o b. 6 
C w .•§ 8 
® , 8.S 

o 3 a 

CO .2 CO O -- 
p > .u.cd 

•o o «+^ a x 

073 o « 3 


a 


cj 73 3 X 


o* 3 « 

f o -i:& 


_ a ^ 

B J1' E 

jo on 
I- ‘X X. 

9 c o o 

o X 3 


. 3 


^ P- a”> a 

«£:ii 

o-a-'a" . 

.0 4- IO ^ C 
0 3 0 O u- 
co cd c o 

o *> .22 3 i5S 
^ o x 2£ rt 
o *o 3 c*-i u a 

O 


3 «-< 3 

52 J2 0 -b 

c 3 Z'a 

.0 1/5 

22 "3 0 " 

n c -b 

! g.&E 

H« ^X«S 

p’s 3 

5 3 x 
3 > -2 

0X3 

o' 3 

jx o Sj2 

^ 3 r- L- X 


o 

oP- 13 

O ^ P- 


O o 

•o-P 


O 


2-a * 


o 


o 

?3 




5s 

b 

o 

O 


2 

>» 

-S? 

C 
























70 


THOMAS A. DARRAGH 


Hispidofusus senticosus (Tate 1888) 

(PI. 2, fig. 1, 6-7, 9, 14; Fig. 12) 

Fusus senticosus Tate 1888, Trans. R. Soc. S. Aust. 10: 135; PI. 7, fig. 3; Harris 1897, Cata¬ 
logue of Tertiary Mollusca p. 133. 

Diagnosis: An elongate Hispidofusus with very convex whorls and impressed 
sutures. Protoconch differentiated from the other whorls. Posterior whorl slope with 
three spinose lirae. Anterior whorl slope of body whorl with six spinose lirae of 
which three are present on the spire whorls. 

Description: Shell fusiform, elongate of regularly convex whorls with impres¬ 
sed sutures and cut by a spinose keel. Protoconch deviated of two whorls ending 
abruptly and succeeded by the juvenile spire whorls which have a spinose keel and 
a spinose lira anterior to it. Posterior whorl slope of adult whorls with three spinose 
lirae. Anterior whorl slope of body whorl with about six spinose lirae of which 
three are present on the spire whorls. Aperture oval with the columella covered 
with a thin curved lamina so that the peristome is entire. Inner side of outer lip with 
denticles corresponding to the spaces between the lirae. Canal long and straight 
bearing spinose lirae of which two are more prominent than the rest. 


Dimensions: 


Holotype 

T485A 

L 20 

LS 10 

HA 3 5 

W 6 

— 

Juvenile 

Hypotype 

P26458 

26 5 

15 

4-5 

7 


Hypotype 

P26459 

19 

115 

3-5 

6 



Location of Types: Tate Museum, Geology Department, University of Ade¬ 
laide: Holotype T 485A; National Museum of Victoria: Hypotype P26458, Hypo- 
type P26459, both from F. A. Cudmore Collection. 

Type Locality: ‘Blue clays at Schnapper Point'. Tate cites Muddy Creek as 
the locality for his figured specimen; however on his original tablet the figured 
specimen is marked ‘Schnapper Point'. The preservation and matrix within the 
specimen are typical of Fossil Beach, Balcombe Bay, Mornington. Grid Ref. Cran- 
bourne 072,845, Balcombe Clay, Balcombian. 

Stratigraphic Range: Balcombian—Bairnsdalian, Middle Miocene. 

Occurrence: Balcombe Clay: (Balcombian) Type locality; 200 yds S. of 
Grices Creek; Upstream section, Grices Creek section 8A of Gostin 1966, Cran- 
bourne 111,910. (Bairnsdalian) Downstream section 8B of Gostin 1966, Grices 
Creek, lower beds, Cranbourne 111,910. 

Newport Formation: (? Balcombian) Altona Bay Coal Shaft No. 2. 

Fyansford Clay: (Balcombian) Native Hut Creek, about 2 miles upstream, 
Geelong 173,034; Red Hill, Shelford-Inverleigh Rd. 

Muddy Creek Formation: (Balcombian) Clifton Bank, Muddy Creek. 

Gellibrand Clay: (Balcombian) Road cutting near cheese factory 2i miles N. 
of Port Campbell. 

Material: Type and forty topotypes. 

Comments: This is not a common species in the Balcombian apart from the 
type locality, and it is quite rare in the Bairnsdalian. It has evolved from H. pisca - 
torius sp. nov. by increase in the number of spiral lirae and greater development of 
spines. However, the striking difference is in the protoconch, which is sharply 
differentiated from the juvenile spire whorls and lacks the intermediate ribbed stage. 









FAMILY COLUMBARIIDAE (MOLLUSCA: GASTROPODA) 71 

Occasionally individuals attain giant size as shown by two specimens from 
Clifton Bank whose spire measurements are 27 mm. 


Columbarium Martens 1881 

Columbarium Martens 1881, Conchologischc Mittheilungen 2 (1 & 2): 105; Fischer 1883, 

Manuel de Conchyliologie Fasc. 6: 590; Tryon 1884, Manual of Conchology 6: 154; 

Cossmann 1896, Essais de Paleoconchologie Compare 2: 64; Harris 1897, Catalogue of 

Tertiary Mollusca p. 51; Cossmann 1901, Essais de Paleoconchologie Comparee 4: 15; 

Thiele 1925, Deutclie Tiefsee—Expedition 17 (2): 133; Tomlin 1928, Ann. S. Afr. Mus. 

25 (2): 330; Thiele 1929, Handbuch der Systematischen Weichtierkunde 1 (1): 289; 

Wenz 1941, Handbuch der Paldozoologie 6 (1): 1085; Clench 1944, Johnsonia 1 (15): 

1; Barnard 1959. Ann. S. Afr. Mus. 45 (1): 234. 

Type Species: (Original Designation): Pleurotoma (Columbarium) spinicincta 
Martens 1881. 

Description: Shell fusiform with scalar spire of shouldered whorls. Proto¬ 
conch of two whorls not sharply differentiated from the spire whorls, the first whorl 
smooth, globose, deviated perpendicular to the axis of the shell, the second whorl 
with a median keel at first imperceptible, but developing into a flange which on the 
later whorls is divided into a series of flattened triangular keel spikes which are 
open on the apertural side of the spike. Adult whorls shouldered or carinate pos¬ 
teriorly, with a second less strongly developed keel present anteriorly in the form 
of a stout cord, here called the anterior carina. Axial sculpture of growth striae 
which on crossing any spiral lirae give rise to small raised scales. Spiral sculpture 
apart from the anterior carina may or may not be developed. Spiral lirae when 
present are usually spinose or bear small raised scales. Aperture subquadrate, peri¬ 
stome entire as the columella lip is covered by a curved plate. Outer lip notched at 
the keel and projected forward and toothed at the position of the anterior carina. 
Canal long, generally slightly twisted, smooth or with scaly or spinose lirae. Radula 
and operculum typical of the family. 

Stratigraphic Range: Maestrichtian—Recent. 

Distribution: Europe (Maestrichtian—Paleocene); New Zealand, (Paleo- 
cene); Southern United States (Lower Eocene); South-eastern Australia (Upper 
Eocene—Upper Miocene); Eastern Australia, North Island, New Zealand, Japan, 
South Africa (Recent). 

Comments: The presence of the lamina of the inner lip and the anterior carina 
distinguish this genus from others in the family. The anterior carina usually has a 
different appearance from any other spiral sculpture, for example on a spinose shell 
it usually is made up of small imbricating scales and does not have spines as on 
the lirae. The tooth on the outer lip is not unlike that of certain genera of the 
Muricacea which use it to open bivalve shells. 

There has been some confusion as to the form of designation of the type species. 
However, under Article 68 (a) (i) of the Code of Zoological Nomenclature 1964 
the form of designation should be stated as by original designation, since Martens 
used the formula Pleurotoma (Columbarium n.) spinicincta n. as heading to the 
description of his new species. 

Glibert (1963, p. 4) has placed Fusus clanicus von Kocnan 1885 (p. 13, PI. 1, 
fig. 10) in the genus Columbarium. From an examination of the protoconch of a 
specimen and the description and figure, however, the author considers that it would 
be better placed in the genus Falsifusus Grabau 1904 which has a similar multispiral 
protoconch and ribbed early whorls. 
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Columbarium heberti (Briart and Cornet 1880) 

(PI. 2, fig. 19-21, 26-28; Fig. 3,9) 

Fusus heberti Briart and Cornet 1880, Mem. Acad. r. Belg. 43 (1): 20; PI. 14, fig. 8a-d. 

Fusus (Columbarium ?) heberti Vincent 1930, Menu Mus. r. Hist. nat. Belg. 46: 47; PI. 2, fig. 
10 . 

Fusus bicinctus Kaunhowen 1897, Paldont. Abh. 8 (1): 82; PI. 10, fig. 1-4, non Hutton 1873. 
Colus (?) kaunhoweni Finlay 1927b, Trans. N.Z. Inst. 57: 504; nom. nov. pro Fusus bicinctus 
Kaunhowen 1897, non Hutton 1873. 

Description: Shell fusiform with a gradate spire of prominently shouldered 
whorls. Protoconch of li small whorls, swollen at mid-whorl, first whorl deviated 
slightly from the axis of the shell. Initial half of first spire whorl with sharp axial 
plicae which are present only on the anterior whorl slope of the second whorl. Keel 
developing at the end of the first spire whorl and nodulose where it is crossed by 
the plicae. The plicae become stronger and continue on the adult whorls as costae. 
Keel nodulose throughout adult spire whorls with scales rather than keel spikes on 
the nodules. 

Posterior whorl slope smooth and concave on the early spire whorls but occa¬ 
sionally with a single lira, and fiat on the adult whorls and undulate at the keel due 
to the axial costae of the anterior slope. 

Anterior whorl slope with well developed costae and a prominent anterior 
carina, posterior to which are two less well developed lirae which are somewhat 
undulate on crossing the costae. The lira next to the keel is also well developed on 
the spire whorls, giving the spire the appearance of having a double keel. Anterior 
to the carina are numerous fine lirae which are also present on the canal and bear 
prominent scales. Canal straight and as long as the spire. 

Dimensions: 


Lectotype 

Hypotype IRSNB 5333 

L 28 

12 

LS — 

8 

HA — 

W — 

5 

Puits Coppee 

Hypotype IRSNB 3309 

42 

— 

_ 

_ 

Mesvin-Belian. 

Lectotype of F. bicinctus 

42 

— 

_ 

15 

Maestricht 

Lectoparatype of F. bicinctus 

66 

31 

— 

15 

Maestricht 


Location of Types: Faculte Polytechnique de Mons, Mons, Belgium: Lecto¬ 
type (Briart & Cornet 1880, fig. 8d); Lectoparatype (fig. 8a-c). Institut Royal des 
Sciences Naturelles de Belgique: Hypotype 5333, Houzeau Collection; Hypotype 
3309, Mesvin-Belian, A. Rutot Collection. 

Institut fur Paiaontologie und Museum der Humboldt-Universitat zu Berlin: 
Syntypes of Fusus bicinctus , J. Binkhurst Collection. 

Type Locality: Mons, Hainaut, Belgium: Calcaire de Mons, Montian, Lower 
Paleocene. 

Stratigraphic Range: Maestrichtian—Montian. 

Occurrence: Pulaway Beds: (Montian) Nasielow Quarry, Pulaway Region, 
Central Poland. 

Calcaire de Mons: (Montian) Puits Coppee, Mons, Belgium. 

Tuffeau de Ciply: (Danian) Mesvin-Belian and Ciply, Hainaut, Belgium. 

Tuffeau de Maestricht: (Maestrichtian) Maestricht, Limburg, Netherlands. 

Material: 3 Syntypes of Fusus bicinctus. Hypotype from Mesvin-Belian. 4 
specimens, Nasielow. Hypotype from Puits Coppee. 
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Comments: The anterior carina is the most prominent of the spiral sculpture 
on the body whorl and is identified by the growth lines which are arched toward 
the aperture above and below and meet at a point on it. 

The protoconch of this species is similar to Columbarium rugatum (Aldrich) 
and a little like Fulgurofusus quercollis (Harris). The keel spikes so characteristic 
of later members of the genus are represented by scales which have the same struct¬ 
ure as the spikes, i.e. they are compressed and open towards the aperture. 

Comparison of specimens of both Fusus heberti and F. bicinctus reveals that 
both are identical, having the same general outline and exactly the same pattern of 
spiral and axial sculpture. 

This is the oldest known columbariid and the writer has failed to find any other 
species from older faunas which could have given rise to it. 

Columbarium (?) vulneratum (Finlay and Marwick 1937) 

(PI. 4, fig. 73, 77) 

Fulgurofusus vulneratus Finlay and Marwick 1937, Palaeont. Bull., Wellington 15: 70; PI. 9 

fig. 12, 13. 

Diagnosis: A Columbarium with a somewhat conical spire; posterior whorl 
slope flat to slightly convex and smooth; anterior whorl slope with three lirae. 

Description: Shell fusiform with a squat almost conical spire. Whorls cut by a 
prominent keel bearing short blunt triangular spikes. Posterior whorl slope flat to 
gently convex sloping gently to the keel. Anterior whorl slope with three lirae, the 
anterior of which may be the anterior carina. Inner lip of aperture covered with a 
thin curved plate. Canal long and straight, bearing fine spiral threads. 

Dimensions: Holotype: L, 27; W, 11. 

Location of Type: Auckland Institute and Museum, Auckland, New Zealand: 
Holotype, TM/329. 

Type Locality: N. flank, Boulder Hill, li miles NE. of Salisbury, Otago, New 
Zealand. 

Stratigraphic Range: Wangaloan, Palcocene. 

Material: Holotype. 

Comments: Finlay and Marwick compared this species with C. acanthostephes 
(Tate) and suggested that it was ancestral to the latter but preferred to place it in 
Fulgurofusus because of the ‘absence of foliar expansions’. However having exam¬ 
ined the holotype it appears to the writer to be not unlike a worn Columbarium and 
has considerable similarity to C. formosissimum Tomlin. In particular it has the 
typical columella plate of Columbarium which is not present in Fulgurofusus. 
Unfortunately the apex is missing and it is not possible to determine if in fact the 
lira on the body whorl is the anterior carina because the shell is worn and damaged. 

Columbarium rugatum (Aldrich 1886) 

(PI. 2, fig. 15, 24-25; Fig. 14) 

Fusus rugatus Aldrich 1886, Bull. geol. Surv. Ala. 1: 22; PI. 5, fig. 9; de Gregorio 1890, Annls. 

Geol. Paleont. 7: 81; PI. 6. fig. 13; Harris 1896, Proc. Acad. nat. Sci. Philad. for 1896 

48: 478; PI. 22, fig. 8; Harris 1899, Bull. Am. Paleont. 3 (11): 43; PI. 5, fig. 6. 
Fulgurofusus rugatus Grabau 1904, Smithson, misc. Colins. 44 (1417): 86; Fig. 10. 

Diagnosis: A Columbarium with an elongate gradate spire and short laterally 
directed keel spikes; posterior whorl slope smooth and concave, anterior whorl 
slope with two scabrose lirae posterior to the anterior carina. Canal lirate with 
prominent scales on the lirae. 
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Description: Protoconch small, deviated perpendicular to the axis of the shell, 
paucispiral somewhat angular, second whorl of protoconch with a strong keel which 
has nodules on the last half whorl of the protoconch which develop into keel spikes 
on the third whorl. Posterior whorl slope smooth and concave, anterior slope of 
the spire whorls with two lirae, anterior slope of body whorl with two prominent 
scabrose lirae posterior to the anterior carina. Canal long and twisted with promi¬ 
nent scaly lirae. Inner lip of aperture not developed into a thin lamina on the two 
adults available. 

Dimensions: 


Hypotype 

ANSP 6869 

L 54 

W 13 

Hypotype 

USNM 645889 

47 

— 


Location of Types: United States National Museum: Holotype No. 638758, 
Hypotype No. 645889; Academy of Natural Sciences of Philadelphia: Hypotype 
No. 6869, C. W. Johnson Collection; Hypotype No. 9018, Frank Burns Collection. 

Type Locality: Greggs Landing, Alabama R., Monroe County, Alabama, 
U.S.A., Greggs Landing Member, Tuscahoma Formation. Lower Eocene. 

Stratigraphic Range: Lower Eocene. 

Occurrence: Type locality: Graveyard Hill, Wilcox County, Alabama ANSP 
9018. 

Material: 1 Topotype, original of figs, of Harris 1896, Harris 1899 and 
Grabau 1904. Graveyard Hill, 3 broken juveniles. 

Comments: This species does not closely approach any of the early Australian 
species as it is much more elongate than Columbarium cochleatum (Tate) or C. 
calcaratum sp. nov. The protoconch is somewhat intermediate in development be¬ 
tween Fulgurofusus quercollis (Harris) and Columbarium cochleatum (Tate). The 
presence of a typical anterior carina, the spinose lirae and keel spikes place this 
species in Columbarium rather than Fulgurofusus , which lacks these features. 
Whether the absence of the curved collumella plate on the two figured specimens 
is characteristic of the species or due to the aperture not being fully developed in 
them will only be determined by examination of further specimens. 

Columbarium cochleatum (Tate 1888) 

(PI. 3, fig. 30,38, 48, 50; Fig. 17) 

Fusus cochleatus Tate 1888, Trans. R. Soc. S. Aust. 10: 135; PI. 8, fig. 9. 

Diagnosis: A fusiform Columbarium with blunt laterally directed keel spikes; 
posterior whorl slope convex with a single spinose lira, anterior slope with two 
spinose lirae posterior to the anterior carina; canal with numerous close set spiny 
lirae. 

Description: Shell fusiform, somewhat elongate with convex, spiny whorls. 
Protoconch small, globose of two whorls, the first smooth, flattened, deviated per¬ 
pendicular to the axis of the shell, second whorl with keel crossed by short radial 
ribs gi\ing keel a nodulose appearance, ribs then fading and nodules develop into 
typical keel spikes. 

Posterior whorl slope convex, smooth for 2} whorls then with a single spinose 
lira. Anterior whorl slope with the anterior carina and two spinose lirae posterior to 
it; the latter are present on the anterior slope of the spire whorls. 
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Aperture somewhat ovate, peristome continuous, outer lip with a smooth tooth¬ 
like projection where it is cut by the anterior carina. Canal straight with numerous 
spiny lirae. 

Dimensions: 


Holotype 

T 484B 

L 27 

LS 21 

HA — 

W — 

Hypotype 

T 484C 

43 

21 

6 

13 

Hypotype 

SAMP 6495 

31 

16 5 

5 

9 

Hypotype 

NMV P26396 

— 

14 (approx.) 


8-5 


Location of Types: Tate Museum, Adelaide University Geology Department: 
Holotype T 484B, Hypotype T 484C; South Australian Museum Palaeontological 
Collection: Hypotype P6495, Kimber Collection; National Museum of Victoria: 
Hypotype P26396, Dennant Collection. 

Type Locality: Blanche Point, Aldinga Bay, South Australia. Blanche Point 
Marls, Aldingan, Upper Eocene. 

Stratigraphic Range: Aldingan, Upper Eocene. 

Occurrence: Type locality only. 

Material: Holotype and 4 topotypes. 

Comment: Apart from the second whorl of the protoconch this species posses¬ 
ses all the features of a typical Columbarium though the convex outline of the 
whorls separates it from other species of the genus. In this respect it superficially 
resembles Hispidofusus senticosus (Tate 1888) but the protoconch and early whorls 
are quite unlike that species. The ribbing of the protoconch of C. cochleatum is 
very similar to that of Fulgurofusus quercollis (Harris) and Columbarium rugatum 
(Aldrich) and thus it may well have retained some of the primitive features of its 
ancestors. However, it is not itself ancestral to the other Australian species, as these 
appear to be derived from the Columbarium found in the Upper Eocene Browns 
Creek Clay. 

Columbarium calcaratum sp. nov. 

(PI. 3, fig. 29, 33, 39) 

Diagnosis: A Columbarium with a high gradate spire, subrectangular whorl 
profile and posteriorly directed keel spikes; posterior whorl slopes smooth, anterior 
slope with two or three spinose lirae; canal with regularly spaced prominently 
spinose lirae. 

Description: Spire elongate, shouldered with smooth spire whorls cut by the 
keel. Keel bearing 9-10 posteriorly directed spikes on the body whorl. Penultimate 
whorl with a spinose thread contiguous to the anterior suture. Body whorl with 
posterior slope smooth and almost concave. Anterior slope with one or rarely two 
lirae posterior to the anterior carina. Canal with regularly spaced lirae bearing 
prominent spines which occasionally are present on the anterior portion of the 
body whorl. 

Dimensions: 


Holotype 

P26461 

L 44 

LS 23 

HA 7 

W 13 

F. A. Cudmore Col¬ 
lection 

Paratype 

P26463 

40 

21 

7 

12 5 

G. B. Pritchard Collec¬ 
tion 
















76 


THOMAS A. DARRAGH 

Location of Types: National Museum of Victoria: Holotype P26461, F. A. 
Cudmore Collection; Paratype P26463, G. B. Pritchard Collection. 

Type Locality: Geological Survey of Victoria locality A w 1, immediately NW. 
of Point Flinders, Grid Ref. Aire 367,097. Glen Aire Clay, Upper Aldingan, Lower¬ 
most Oligocene. 

Occurrence: ? Browns Creek Clay: (Lower Aldingan, Upper Eocene) Wash¬ 
out 11, i mile NW. of the mouth of Browns Creek, Grid Ref. Aire 276,179—1 com¬ 
plete specimen and several fragments; Washout 1, immediately NW. of the mouth 
of Browns Creek, Grid Ref. Aire 277 5 ,177 5 —three apices. 

Glen Aire Clay: Type locality. 

Stratigraphic Range: Lower to Upper Aldingan, Upper Eocene to Lower¬ 
most Oligocene. 

Material: Types and thirty topotypes. 

Comments: Amongst the meagre material from Browns Creek are several 
apices with protoconchs similar to Columbarium cochleatum (Tate). Whether this 
means a single population with a variable protoconch or the presence of the latter 
species cannot be decided until further adult specimens are found. 

The Browns Creek specimens differ slightly from topotypes of C. calcaratum in 
that the spire is not as elongate and the keel spikes are not as prominent nor are 
they posteriorly directed. As only one reasonably complete adult is known from 
Browns Creek, and in view of the variability of the Point Flinders population, it 
does not seem advisable at this stage to consider even subspecific status for the 
Browns Creek population. 

From C. spinicinctum Martens, C. calcaratum may be distinguished by its more 
angular whorl profile, the overall greater spinosity of the body whorls and the 
posteriorly directed keel spikes. The Browns Creek specimens have much in com¬ 
mon with C. spinulalum Cossmann, but that species has not the spinose lirae of the 
body whorl as in the former, is relatively wider and shorter in the spire, and has 
prominent spines on the canal. 

Columbarium uniliratum sp. nov. 

(PI. 3, fig. 37, 42-43,45) 

Diagnosis: A Columbarium with a squat almost conical spire and laterally 
directed keel spikes. Posterior whorl slope smooth, anterior whorl slope with the 
anterior carina, and very rarely a lira posterior to it. Canal with two or three thread¬ 
like lirae bearing small almost incipient scales or spines. 

Description: Shell clavate with a depressed conical spire. Whorls wedge- 
shaped in profile sloping almost symmetrically above and below the keel. Keel 
spikes enlarge and diminish in number on last half of the body whorl. Posterior 
whorl slope smooth and slightly convex. Anterior whorl slope of body whorl with 
a single prominent lira, the anterior carina, and many incipient spiral threads which 
are also present on the canal. Rarely there is a second lira posterior to the carina. 
Aperture subtriangular. Canal with 2 or 3 spinose lirae, the spines being weakly 
developed. 


Dimensions: 


Holotype 

P26464 

L 31 

LS 14 

HA 6 

W 10 


Paratype 

P26465 

25 

15 

6-5 

11 

Just above the ledge 

Paratype 

P26466 

22-5 

18 

6-5 

13 

Just above the ledge 
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Location of Types: National Museum of Victoria: Holotype P26464, Para- 
type P26465, both from F. A. Cudmore Collection; Paratype P26466, Collected 
T. A. Darragh III/1966. 

Type Locality: Bird Rock Cliffs near Torquay, Grid Ref. Anglesea 378,704, 
Jan Juc Formation, Janjukian. 

Stratigraphic Range: Janjukian, Upper Oligocene. 

Occurrence: Jan Juc Formation: (Janjukian). Type locality: Clay bed im¬ 
mediately beneath the Point Addis Limestone, Addiscott Beach, section 5 B100, 
Raggatt and Crespin 1955, Grid Ref. Anglesea 355,676; N. Bank Barwon R., 3i 
miles S. of Birregurra, Colac 864,646. 

Material: Types, 6 specimens and 2 fragments. 

Comments: This species closely resembles C. spinulatum Cossmann and is 
probably its ancestor. The latter has greater development of lirae and spines on the 
anterior portion of the body whorl and canal. It also bears a close resemblance to 
the New Zealand C. veridicum Dell but that species has posteriorly directed keel 
spikes and a canal with no sign of spiral sculpture. 

Columbarium acanthostephes echinatum subsp. nov. 

(PI. 3, fig. 41, 44, 53, 56) 

Fusus acanthostephes Tate ( partim ) Pritchard 1896, Proc. Roy. Soc. Viet. 8: 92. 

Diagnosis: A Columbarium with a high gradate spire and blunt laterally dir¬ 
ected keel spikes. Posterior whorl slope flat to slightly convex with one or two 
spinose lirae. Anterior whorl slope of body whorl with about four spinose lirae in 
addition to the anterior carina. Canal with about ten equally developed lirae bear¬ 
ing prominent spines. 

Description: Shell with a gradate spire of prominently shouldered whorls. Keel 
with laterally diverted blunt spikes. Posterior whorl slope flat to slightly convex and 
always convex at the base of the keel and bearing one or two lirae with prominent 
small spines. Anterior whorl slope of spire with two spinose lirae, and on the body 
whorl there are four spinose lirae, generally two near the keel, then the anterior 
carina, and two others between it and the canal. The lirae of the canal are of equal 
development and bear prominent uniform spines. 

Dimensions: 


Holotype 

P26468 

L 51 

LS 29 

HA 10 

W 20 


Paratype 

P26470 

45 

26 

9-5 

17-5 

Lower bed. Apex 
missing. 


Location of Types: National Museum of Victoria: Holotype P26468, F. A. 
Cudmore Collection; Paratype P26470, Atkinson Collection. 

Type Locality: ‘Upper bed, Table Cape’ i.e. Fossil Bluff Sandstone, Fossil 
Bluff N. of Wynyard, Tasmania. Upper Janjukian/Longfordian. 

Stratigraphic Range: Upper Janjukian/Longfordian—Batesfordian. Upper 
Oligocene—Lower Miocene. 

Occurrence: Freestone Cave Sandstone: (Upper Janjukian) Lower bed, Fos¬ 
sil Bluff; Type locality. 

Curlewis Formation: (Batesfordian) Shore platform, Curlewis, Grid Ref. Port- 
arlington 578,937. 
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Gellibrand Clay: (Batesfordian) Cutting on Lavers Hill-Cobden Rd, Kennedys 
Creek, Grid Ref. Princetown 615,239. 

Material: Types, five topotypes and ten specimens from the lower bed. 

Comments: The overall prickly nature of this species is characteristic. It is 
the first member of the C. acanthostephes (Tate) lineage and differs from that 
species in having a more elongate spire, blunt laterally directed keel spikes and 
more evenly developed spines on the canal. Also the base of the keel spike is smooth 
rather than ribbed as in C. acanthostephes s.s. Specimens from the type locality of 
C. echinatum are connected to C. acanthostephes s.s. by specimens from Curlewis 
which tend to have the keel spikes slightly produced posteriorly. 

Columbarium spinulafum Cossmann 1901 
(PI. 3, fig. 31,52, 54-55, 57) 

Fusus spiniferus Tate 1888, Trans. R. Soc. S. Aust. 10: 134; PI. 7, fig. 1. 

Fusus acanthostephes Tate ( partim ) Pritchard 1896, Proc. Roy. Soc. Viet. 8: 82. 

Columbarium spiniferum Harris 1897, Catalogue of the Tertiary Mollusca p. 54. 

Columbarium spinulatum Cossmann 1901, Essais de Paleoconchologie Comparee 4: 16, foot¬ 
note nom. nov. for Fusus spinifer (sic.) Tate 1888, non Bellardi 1872. 

Diagnosis: A Columbarium with squat almost conical spire and laterally direct¬ 
ed keel spikes. Posterior whorl slope smooth and very convex; anterior whorl slope 
of body whorl with the anterior carina and one to three lirae. 

Description: Shell clavatc with a relatively depressed spire. Keel bearing 
laterally directed keel spikes which bisect the body whorl. Whorls convex, sloping 
symmetrically above and below the keel. Posterior whorl slope smooth, anterior 
whorl slope of body whorl with the anterior carina and generally one lira posterior 
to it, and two or three less prominent lirae with poorly developed spines between it 
and the canal. Aperture subtrigonal. Canal with many lirae, three or four of which 
are thick and bear prominent spines. 

Dimensions: 


Holotype 

T476B 

L 33 

LS 15 

HA 7 

W 12 


Hypotype 

P26472 

31 

' 23 

9 

18 

Canal broken 

Hypotype 

P26473 

39 

26 

10 

20 



Location of Types: Tate Museum, Geology Department, Adelaide University: 
Holotype T476B; National Museum of Victoria: Hypotype P26472, Hypotype 
P26473, both from F. A. Cudmore Collection. 

Type Locality: ‘Gastropod bed of the R. Murray cliffs near Morgan’ i.e. four 
miles downstream from Morgan on the east bank of the R. Murray on Section C, 
Hundred of Cadell (Ludbrook 1961, p. 53) S.A. Cadell Marl lens of Morgan lime¬ 
stone, Batesfordian, Lower Miocene. 

Stratigraphic Range: Upper Janjukian/Lower Longfordian—Batesfordian; 
Upper Oligocene—Lower Miocene. 

Occurrence: Freestone Cove Sandstone Lower bed and Fossil Bluff Sand¬ 
stone Upper bed: (Janjukian) Fossil Bluff, N. of Wynyard, Tasmania. 

Cadell Marl lens: (Batesfordian) Type locality. 

Material: Type and thirty topotypes. 

Comments: Closely resembles the living C. hedleyi Iredale but that species has 
relatively wider whorls and more prominent lirae with well developed scales on the 
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body whorl. Also C. spinulatum has well developed spines on the canal. The twelve 
specimens from Fossil Bluff match topotypes in whorl shape and pattern of orna¬ 
ment, the only obvious difference is the slightly larger size of the protoconch in 
Fossil Bluff specimens, a variable feature not considered of any significance. There 
are no specimens from Fossil Bluff which connect this species with the population of 
C. acanthostephes echinatum sp. nov. so that Pritchard’s assertion (1896, p. 82) 
that C. spinulatum is a synonym of C. acanthostephes is not upheld. 

Spinifer and spinijerus are both alternate spellings of the masculine form of the 
same adjective, the feminine and neuter forms of which are identical, therefore, 
under Article 57 (b) (i) of the Code of Zoological Nomenclature 1964, Tate’s 
name is a junior homonym of Bellardi’s. 

Columbarium acanthostephes acanthostephes (Tate 1888) 

(PI. 3, fig. 47, 49, 51) 

Fusus acanthostephes Tate 1888, Trans. R. Soc. S. Aust. 10: 133; PI. 7, fig. 7. 

Columbarium acanthostephes Harris 1897, Catalogue of Tertiary Moltusca p. 52; PI. 3, fig. 6a, 

b; Cossmann 1901, Essais de Paleoconchologie 4: 15; PI. 1, fig. 9; Fig. 5. 

Diagnosis: A Columbarium with a gradate spire and long posteriorly directed 
keel spikes, ribbed at base on the anterior side. Posterior whorl slope almost flat 
with two to four spinose lirae. Anterior whorl slope with five spinose lirae two of 
which are posterior to the anterior carina. Canal with up to seven lirae with promi¬ 
nent spines. 

Description: Shell subfusiform with a gradate spire of well shouldered whorls. 
Keel with elongate posteriorly directed keel spikes which have, on the base of the 
anterior side, one or two serrate riblets en echelon to the spiral lirae of the shell. 
Posterior whorl slope almost flat with two to four spinose lirae. Anterior whorl slope 
of spire with one or two spinose lirae and of the body whorl with five spinose lirae, 
two posterior to the anterior carina and three between it and the canal. The anterior 
carina is formed of a series of imbricating scales whereas the lirae bear prominent 
spines. Aperture subcircular. Canal twisted and lirate, alternate lirae generally bear 
stronger and more elongate spines. 

Dimensions: 


Holotypc 

T 474A 

L 56 

LS 27 

HA 9 

W 17 

Hypotype 

P26449 

50 

28 

10 5 

20 


Location of Types: Tate Museum, Geology Department, University of Ade¬ 
laide: Holotypc T 474A; National Museum of Victoria: Hypotype P26449, F. S. 
Colliver Collection. 

Type Locality: ‘Blue clays at Schnapper Point’, Fossil Beach, Balcombe Bay. 
Grid Ref. Cranbourne 072,845. Balcombe Clay, Balcombian Middle Miocene. 
Stratigraphic Range: Balcombian. 

Occurrence: Balcombe Clay: Type locality; Upstream section, Grices Creek, 
Section 8A of Gostin 1966, Grid Ref. Cranbourne 111,910; 200 yds S. of Grices 
Creek. 

Newport Formation: Altona Bay Coal Shaft No. 2. 

Fyansford Clay: Overburden, lowest bench, just above limestone, Australian 
Cement Quarry, Batesford; Red Hill, Shelford-Inverlcigh Rd. 

Gellibrand Clay: Cliffs W. of Gellibrand R. 

Material: Type specimen and fifty topotypes. 
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Comments: The matrix on the specimen and the preservation of the type indi¬ 
cate that it comes from Fossil Beach to the south of Mornington. The use of the 
name acanthostephes has been restricted to the highly spinose forms which appear 
to be typical of the Lower Balcombian and which form the ‘mid-point’ of the 
acanthostephes lineage. 

Columbarium acanthostephes vulsum subsp. nov. 

(PI. 3, fig. 32, 35, 40, 46) 

Diagnosis: A Columbarium with a gradate spire and either laterally or poster¬ 
iorly directed keel spikes; posterior whorl slope flattened or subconvex with one or 
two lirae but more often smooth. Anterior slope with five or so lirae with poorly 
developed spines. Canal lirae bearing small spines which are often reduced to scales. 

Description: Shell subfusiform with a gradate spire of well shouldered whorls 
and with keel spikes which project laterally or slightly posteriorly. The base of the 
keel spike is either smooth or has a thin poorly developed riblet on the anterior 
side. Posterior whorl slope flattened or subconcave, either smooth or with one or 
two spiral threads. Anterior whorl slope of body whorl with three to five lirae which 
may or may not have small spines. Canal often weakly lirate with poorly developed 
spines. 


Dimensions: 


Holotype P26475 

L 45 

LS 21 

HA 8 

W 15 


Paratype P26477 

35 

. 17 

5 

11 

Manyung Rocks, 
spinose form. 


Location of Types: National Museum of Victoria: Holotype P26475, F. A. 
Cudmore Collection; Paratype P26477, T. A. Darragh Collection. 

Type Locality: Middle beds, downstream section Grices Creek, approximately 
equivalent to beds 8 B, c, d, just inside fence, of Gostin (Sec Appendix). Grid Ref. 
Cranbourne 111,910. Balcombe Clay, Upper part. Baimsdalian. 

Stratigraphic Range: Balcombian—Baimsdalian, Middle Miocene. 

Occurrence: Balcombe Clay: (Balcombian) Dennant Creek about 50 yds 
downstream from Older Basalt, Grid Ref. Cranbourne 110,928. (Baimsdalian) 
Lower and Middle beds, downstream section Grices Creek, Grid Ref. Cranbourne 
111,910; Cliff S. of Manyung Rocks and N. of sewer and jetty, bed 10B a of Gostin 
1966, Grid Ref. Cranbourne 106,903. 

Fyansford Clay (Horizon not known) Orphanage Hill, Fyansford. (Balcom¬ 
bian) Native Hut Creek about 2 miles from the mouth, Grid. Ref. Geelong 173,034. 
(Baimsdalian) Inverleigh, Western Beach, Geelong, Left bank, Barwon R., Section 
IV A, Parish of Murgheboluc, Grid. Ref. Geelong 229,982. 

Gellibrand Clay: (Horizin not known) Cliffs W. of Gellibrand R. (Bairns- 
dalian) Road cutting on Timboon-Port Campbell Rd, 100 yds S. of shops at 
Timboon, Grid Ref. Panmure 892, 534. 

Muddy Creek Formation: (Balcombian) Clifton Bank, Muddy Creek. 

Bullenmerri Clay: (Baimsdalian) Lake Bullenmerri, Lake Gnotuk. 

Rutledges Creek Member, Port Campbell Limestone: (Baimsdalian) Rutledges 
Beach. 

Material: Types and nine topotypes. 
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Comments: The general pattern of sculpture is similar to Columbarium 
acanthostephes acanthostephes (Tate) but frequently there is only one lira posterior 
to the anterior carina and those anterior to it are often weakly developed. The 
most obvious difference, however, is the lack of prominent spines. Specimens 
stratigraphically older than topotypes such as those from Muddy Creek are gener¬ 
ally more spinose and have better developed keel spike riblets whilst specimens 
from Lake Bullenmerri and Lake Gnotuk are almost entirely smooth. However the 
overlap in specific characters between populations from all localities examined 
seems to indicate that the separation from C. acanthostephes should be subspecific 
rather than specific. 

Columbarium hedleyi Iredale 1936 
(PI. 4, fig. 65, 69-72, 78; Fig. 8) 

Columbarium hedleyi Iredale 1936, Rec. Aust. Mus. 19 (5): 316; PI. 24, fig. 18, 18a. 
Columbarium trabeatum Iredale 1936, Ibid. 19 (5): 316; PI. 23, fig. 17. 

Diagnosis: A Columbarium of tumid whorls with a somewhat squat almost 
conical spire. Posterior whorl slope smooth and convex; anterior whorl slope of 
body whorl bearing a prominent spinose lira posterior to the anterior carina and 
one or two spinose lirae between it and the canal. 

Description: Shell with a squat almost conical spire of tumid whorls cut by 
a keel bearing laterally directed keel spikes. Keel on early whorls produced into a 
flange and with spikes developing on the third or fourth whorl. Posterior whorl slope 
smooth and convex; anterior whorl slope of spire smooth and on the body whorl 
with a spinose lira immediately posterior to the anterior carina and with one or 
two spinose lirae between it and the canal. Aperture subquadrate. Canal long and 
twisted and having numerous lirae bearing well developed spines. Radula and oper¬ 
culum typical of the family. 

Dimensions: 


Holotype 

C67025 

L 51 

W 24 

LS — 

HA — 

Holotype of C. trabeatum 

C60675 

60 

27 

t ____ 

— 

Hypotype 

F27079 

75 

26 

34 

12 


Location of Types: Australian Museum, Sydney: Holotype C67025, C. 
trabeatum Holotype C60675; National Museum of Victoria: Hypotype F27079. 
Type Locality: 23 miles E. of Sydney, N.S.W. Australia. 250 fathoms. 

Occurrence: Type locality; Off Broken Bay, N.S.W. 75,100 fathoms; Off 
Twofold Bay, N.S.W. 45 fathoms; Off Stanwell Park, N.S.W. 75 fathoms. 

Material: Seventeen specimens J. Kerslake, T. Garrard Collections. 
Comments: The description of Columbarium trabeatum Iredale was based on 
a worn shell. The species was distinguished by its author on the poorly developed 
keel spikes and by having an extra lira on the anterior whorl slope of the body 
whorl. Garrard (1961, p. 29) has already stated that C. hedleyi is somewhat vari¬ 
able in morphology and that C. trabeatum cannot be accepted as a separate species. 

Columbarium pagodoidcs (Watson 1882) 

(PI. 4, fig. 74, 76; Fig. 19) 

Fusus (Colus) pagodoides Watson 1882, J. Linn. Soc. Zoology 16: 383. 

Fusus pagodoides Watson 1886, Challenger Report , Zoology 15 (42): 197; PI. 14, fig. 3. 
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Diagnosis: A Columbarium with a gradate spire and a thin foliaceous exten¬ 
sion of the keel, posterior whorl slope smooth, anterior slope bearing the anterior 
carina only. Canal lirae with numerous small spines. 

Description: Shell with a gradate spire and a large globose somewhat flattened 
protoconch. Spire whorls with a well developed shoulder and unornamented except 
for growth lines. Keel produced into a thin slightly upturned flange which has 
irregular extensions at the extremity. Anterior whorl slope of the body whorl with 
the anterior carina only. Canal bearing about eight regularly spaced spinosc lirae. 

Dimensions: 


Lectotype BM(NH) 1887.2.9.688 

L 51 

LS 20 

HA 8 

W 15 

from photograph 

AM C2965 

38 

28 

8 

12 

not including flange 


Location of Types: British Museum (Natural History): Lectotype here select¬ 
ed, the specimen originally figured by Watson 1887.2.9.688; Australian Museum, 
Sydney: Paratype C2965. 

Type Locality: Challenger station 164B, June 13, 1874. Lat. 34°13'S., Long. 
151 0 3 8'E. 410 fathoms, off Sydney. 

Material: One topotype Australian Museum C2965, one of the original Chal¬ 
lenger specimens. 

Comments: The whorl shape, the presence of the typical anterior carina and 
the globose deviated protoconch (Fig. 19) are similar to other species of Colum¬ 
barium. However in this species the keel flange present on the early whorls has 
continued on the adult and has not broken into a separate series of triangular spikes 
as in other species of the genus. On the specimen examined the outer extremity of 
the flange near the aperture has a somewhat serrated outline due to the incipient 
development of spikes. A similar development of the keel has taken place in 
Serratifus foliaceus (Tate). 

This species has not been found since the original Challenger material was 
collected and its occurrence off Sydney has been doubted, as some species recorded 
from station 164B are Atlantic species. However, because of its close relationship 
with other Australian living and fossil species of Columbarium , and because it was 
dredged from deep water which has not yet been adequately explored, the author 
is of the opinion that it is an indigenous species. 

Columbarium formosissimum Tomlin 1928 
(PI. 4, fig. 67, 75; Fig. 20) 

Columbarium formosissimum Tomlin 1928, Ann. S. Afr. Mus. 25 (2): 331; PI 25, fig. 1; 

Barnard 1959, Ibid. 45 (1): 236. 

Diagnosis: A Columbarium with an elongate spire, smooth spire whorls bisected 
by a median keel bearing laterally directed triangular projections, posterior whorl 
slope of body whorl flat and smooth, anterior whorl slope of body whorl with the 
anterior carina and usually a single lira posterior to it. 

Description: Shell gradate with a prominent median keel on the spire whorls, 
keel bearing laterally directed blunt triangular projections, of which there are ten 
on the last whorl. Posterior whorl slope flat and smooth, anterior whorl slope of 
spire whorls smooth; anterior whorl slope of body whorl with the anterior carina 
and often a single nodulose lira slightly posterior to it. The nodules of the lira occur 
immediately beneath the projections of the keel. Aperture sub-rectangular, canal 
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straight with a few incipient spiral threads. Radula and operculum typical of the 
family. 

Dimensions: 


Holotype 

SAM A3501 

L 47 

LS 26 

HA 9 

W — 

Paratype 

SAM A3500 

48-5 

i 26 

8 

15 


Location of Type: South African Museum, Cape Town: Holotype SAM 
A3501, Paratype SAM A3500, both from Pieter Faure Collection. 

Type Locality: Cape St Blaize, N. by E.iE., distant 65 miles, 90 fathoms, 
South Africa. 

Occurrence: Type locality; Cape Seal, N. by WiW, distant 55 miles, 87 
fathoms; Cape St Francis, NE. distant 29 miles, 75 fathoms; Glendower Beacon 
(near Port Alfred), NiW, distant 16 miles, 66 fathoms. 

Material Examined: Paratype SAM A3500 and BM(NH) 1962 292. 

Comments: In whorl profile and pattern of ornament this species most closely 
resembles Columbarium spinicinclum Martens but is completely devoid of spines 
or scales on the lirae of the body whorl and canal. The keel also is divided into 
blunt triangular projections rather than the prominent keel spikes typical of most 
species of the genus and the body whorl occasionally has well developed nodules or 
even folds beneath the keel projections. 

Columbarium natalensc Tomlin 1928 
(PI. 4, fig. 60; Fig. 10) 

Columbarium natalensc Tomlin 1928, Ann. S. Ajr. Mus . 25 (2): 331; PI. 25, fig. 2; Barnard 

1959, Ibid. 45: 237. 

Diagnosis: A Columbarium with a gradate spire and posteriorly directed keel 
spikes; posterior whorl slope flat with three spiral cords, anterior whorl slope with 
four spiral cords, the anterior carina and four spiral cords between it and the canal. 
Body whorl with four axial costae near the aperture. 

Description: Shell gradate, prominently shouldered with rather coarsely cord¬ 
ed spire whorls; keel with 12 posteriorly directed spikes on the last whorl, the bases 
of which bear four fine scaly threads set en echelon. Posterior whorl slope with 
three spiral cords, anterior whorl slope with three spiral cords between keel and 
anterior carina and four further cords between it and the canal. 

All cords scabrosc due to the crossing of the growth lines. Last third of body 
whorl with four broad costae coincident with the spikes of the keel. Aperture 
subcircular. Canal elongate, very slightly twisted and bearing five spiral lirae. 

Dimensions: 


Holotype 


SAM A3497 


L 37 


LS 19 


HA 6 j W 10 


Location of Type: South African Museum: SAM A3497, Pieter Faure Col¬ 
lection. 

Type Locality: Off Cape Natal, WIN, 12 miles, 85 fathoms, Durban, S. 
Africa. 

Occurrence: Type locality. 

Material: Holotype, the only specimen known. 
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Comments: Distinguished from other species of the genus by its lack of spines 
apart from those of the keel, the wrinkled appearance of the surface of the shell 
and by the presence of the four broad axial costae on the last third of the body 
whorl. These axial costae may be due to an accident during growth as they are 
quite out of harmony with the rest of the shell. The spire whorls are slightly offset 
giving the spire a crooked appearance which may support this view. Further speci¬ 
mens are required to settle this question. 

The only other species of Columbarium which approaches C. natalense is C. 
distephanotis Melvill from Torres Strait, N. Australia, but that species has well 
developed costae on all whorls except the first three, and has a prominent nodulose 
cord between the keel and the anterior carina. 

A similar development of lirae on the keel spikes is seen in Columbarium 
acanthostephes (Tate). 


Columbarium spinicinctum (Martens 1881) 

(PI. 2, fig. 22-23; PI. 4, fig. 59, 63, 66, 68; Fig. 15) 

Pleurotoma (Columbarium) spinicincta Martens 1881, Conchologische Mittheilungen 2 (1 & 
2): 105; PI. 21, fig. 1-3; Kobelt 1886, Conchylien Cabinet 4 (3) Part 341: 172; PI. 34, fig. 
1 , 2 . 

Columbarium caragarang Garrard 1966, /. maloc. Soc. Aust. 10: 10; PI. 1, fig. 5. 

Diagnosis: A Columbarium with a gradate spire of moderately convex whorls 
bisected by the keel. Posterior whorl slope smooth; anterior whorl slope of spire 
smooth and on the body whorl bearing the anterior carina and a spinose lira 
immediately posterior to it. 

Description: Shell fusiform with a moderately elongate spire of shouldered 
whorls cut by a median keel bearing laterally directed keel spikes. Posterior whorl 
slope convex and smooth. Anterior whorl slope flat and smooth on the spire, and 
on the body whorl flat, then rapidly contracted to the keel and bearing a promi¬ 
nently spinose lira immediately posterior to the anterior carina. Aperture subquad¬ 
rate. Canal long and only slightly twisted bearing four or so spinose lirae or with 
numerous fine lirae bearing prominent scales. 


Dimensions: 


Holotype 

L 67 

LS 26 

HA 9 

W 14-5 


Hypotype F26251 

57 

26 

9 

16 


C64800 

75 


7-5 


Holotype of 

C. caragarang 


Location of Types: Institut fur Spezielle Zoologie und Zoologisches Museum 
der Humboldt-Universitat zu Berlin: Holotype 26677; Australian Museum, Sydney: 
Holotype of C. caragarang C64800; National Museum of Victoria: Hypotype 
F26251, J. Berrie Collection. 

Type Locality: Gazelle Lat. 26°51 • l'S; Long. 153°29 6'E. 76 fathoms (139 
metres), off Cape Morton 27.9.1875. 

Stratigraphic Range: Upper Miocene ?, Recent. 

Occurrence: Off Cape Morton in vicinity of type locality, Q’land. 70-100 
fathoms. 

Material: Twenty specimens. J. Kerslake, T. A. Garrard, J. Berrie Collections. 
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Comments: The population of C. spinicinctum from off Cape Morton exhibits 
dimorphism. Both forms are exactly alike in size, shape, colour pattern and pattern 
of sculpture, but differ in degree of development of keel spikes and spines on the 
lirae of the body whorl and canal. One form, described and illustrated by Martens, 
has longer and fewer spikes on the keel, and the lirae of the body whorl and canal 
have well developed spines; the other form, described as C. caragarang by Garrard, 
has more numerous blunt keel spikes, less prominent spines on the lirae of the body 
whorl and scales on the canal. Garrard (1966, p. 10) suggests that ‘the differences 

.could possibly be due to sexual dimorphism’ and this may well be, but as 

yet the animal of either form has not been studied. In view of the variability of some 
of the populations of fossil species e.g. that of C. acanthostephes , and the fact that 
the pattern of sculpture is identical, there are no grounds for maintaining C. cara¬ 
garang as a separate species. 

There is a single specimen (P26479) from Rose Hill, Gippsland (Mitchellian, 
Upper Miocene) which somewhat resembles the caragarang form so that C. spini¬ 
cinctum may well range back to the Miocene. 

Columbarium distephanotis Melvill 1891 
(PI. 4, fig. 58, 64) 

Columbarium distephanotis Melvill 1891, J. Conch., Lond. 6 (12): 405; PI. 2, fig. 4. 

Description: Shell elongate, fusiform, with prominently shouldered whorls. 
Keel bearing short, posteriorly directed keel spikes. Posterior whorl slope flat bear¬ 
ing fine spiral threads. Anterior whorl slope of spire bearing numerous fine spiral 
threads and a prominent nodulose lira, the nodules of which are formed by short 
axial costae coincident with each keel spike. On the body whorl the anterior carina 
is present as well as numerous finer lirae. Aperture pyriform, inner lip covered with 
a thin glaze. Canal straight. 

Dimensions: L 19, W 5. 

Location of Type: Manchester Museum: Holotype EE3651, R. Cholmon- 
deley Collection. 

Type Locality: Dredged in 17 fathoms off S. shores of New Guinea, Torres 
Straits. 

Occurrence: Type locality. 

Material: Photographs of the holotype. 

Comments: As yet the holotype is the only specimen of this species known 
and, as it was not examined, and is a juvenile, the above description and generic 
allocation should be treated with caution. The development of the cord anterior to 
the keel suggests Serratijusus clydoniatus sp. nov. but that species has no keel 
spikes. The absence of the characteristic Columbarium lamina of the inner lip is 
typical of juvenile specimens. 

Columbarium veridicum Dell 1963 
(PI. 4, fig. 61-62) 

Columbarium veridicum Dell 1963, Trans. R. Soc. N.Z. Zoology 3 (20): 211; Fig. 1. 

Diagnosis: A Columbarium with a gradate spire and posteriorly directed keel 
spikes; posterior whorl slope smooth, slightly convex; anterior slope of body whorl 
with the anterior carina only. Canal without lirae. 
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Dimensions: 


Holotype Ml6274 


L 69 


LS 27 


HA 11 


W 17 5 


Location of Type: Dominion Museum, Wellington, New Zealand: Holotype 
Ml 6274. 

Type Locality: 28 miles ENE. of Poor Knights Island 305-340 fathoms, 
North Is., New Zealand. 

Occurrence: Type locality. 

Material: Holotype the only specimen known. 

Comment: Dell has given a very full description of this unique specimen and 
differentiated the species from Columbarium pagoda on the basis of the direction 
of projection of the keel spikes which are more upright in pagoda , and the lack of 
any form of spiral sculpture on the canal of C. veridicum . 


Columbarium pagoda (Lesson 1834) 

(PL 3, fig. 34, 36) 

Fusus pagoda Lesson 1834, Illustrations de Zoologie livr. 14; PI. 40. 

Fusus japonicus Gray 1839, Zoology of Captain Beechey’s Voyage p. 115. 

Fusus pagodus Keiner 1840, Species General et Iconographie Fuseau, p. 7; PL 5, fig. 2. 

Fusus pagoda Reeve 1847, Conchologica Iconica 4, Fusus ; PL 8, fig.32a, b; Chenu 1859, 
Manuel de Conchyliologie 1: 139, fig. 593. 

Fusus diadema Sowerby 1880, Thesaurus Conchyliorum 4: 79; PL 410, fig. 53, lapsus for 
pagoda. 

Fusus pagoda Kobelt 1880, Conchylien-Cabinet III, 3b: 159; PL 49, fig. 4, 5; Tryon 1881, 
Manual of Conchology 3: 51; PL 32, fig. 86. 

Pleurotoma (Columbarium) pagoda Martens 1881, Conchologische Mittheilungen 2 (1 & 2): 
106; PL 21, fig. 4. 

Fusus pagoda Dunker 1882, Novitates Conehologicae Abt. II, Suppl. VII: 13; PI. 1, fig. 8-10. 
Columbarium pagoda Tryon 1884, Manual of Conchology 6: 175; PL 7, fig. 98; Y. Hirasc 
1914, Illustrations of a Thousand Shells 1; PL 2, fig. 6. 

Columbarium pagodus Thiele 1929, Handbuch der Systematischen Weichtierkunde 1 (1): 289. 
fig. 312. 

Columbarium pagoda Clench 1944, Johnsonia 1 (15): 4; PL 1, fig. 2; Hirase and Taki 1951, 
Illustrated Handbook of Shells PL 108, fig. 1; Habe 1953. Illustrated Catalogue of Japan¬ 
ese Shells 23: 181; Fig. 20, 21. 

Columbarium pagoda forma stellata Habe 1953, Ibid. 23: 181; Fig. 18, 19. 

Columbarium pagoda Kira 1954, Coloured Illustrations of the Shells of Japan I, p. 47; PL 23, 
fig. 11. 

Columbarium pagoda stellare Habe 1961, Ibid. II, p. 68; PL 33, fig. 23. 

Columbarium pagoda Kira 1962, Shells of the Western Pacific 1: 64; PL 24, fig. 19; Dell 1963, 
Trans. R. Soc. A r J£. Zoology 3 (20): 209, fig. 2. 

Columbarium pagoda costata Shikama 1963, Set. Rep. Yokohama natn. Vniv. Ser. II, No. 10: 
61; PL 1, fig. 1-2. 

Columbarium pagoda stellarc Habe 1964, Shells of the Western Pacific II: 105; PL 33, fig. 23. 

Diagnosis: An elongate Columbarium with prominently shouldered whorls and 
posteriorly directed keel spikes. Posterior whorl slope smooth; anterior whorl slope 
usually smooth apart from the anterior carina. 

Description: Shell elongate, fusiform with an elongate gradate spire of promi¬ 
nently shouldered whorls usually bearing posteriorly directed keel spikes. Posterior 
whorl slope smooth, convex to concave; anterior whorl slope with the anterior carina 
and generally no other spiral sculpture apart from a few threads near the beginning 
of the canal. Aperture subquadrate. Canal long, twisted with several weak lirae 
bearing small scales. 
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Dimensions: Holotype 1108/7, L44. 

Location of Type: Holotype, Museum d’Histoire Naturelle, Geneva: 1108/7, 
Delessert Collection. 

Type Locality: Not known. 

Occurrence: Southern Honshu, Kyushu, Shikoku, Japan. 

Comments: The original illustration shows that the holotype had a shortened 
canal which was probably broken, as all specimens of C. pagoda which have been 
examined have much longer canals with two prominent twists. Lesson gives the 
measurement of his specimen as 20 lignes in length (45 mm) and the specimen in 
the Delessert Collection has a shortened canal (broken, E. Binder pers. comm.) 
and is 44 mm in length. The holotype was in the collection of Prince Massena 
d’Essling, Duke of Rivoli, who sold his collection to Benjamin Delessert in 1840. 
Therefore there is no doubt that specimen 1108/7 in the Delessert Collection is the 
holotype. It has been figured previously by Chenu in his Manuel. 

There are two infra-specific names which have been applied to C. pagoda. The 
first C. pagoda forma stellatum Habe 1953 (p. 182 as stellata) was applied to 
‘those individuals with larger shell, few spines of larger size which radiate in rather 
horizontal manner, but there exist all kinds of transitional forms between (the) 
two’. Subsequently the name has been used with a different spelling ( stellare ) as a 
subspecies of C. pagoda (Habe 1961, p. 68) but this is not warranted as the forms 
appear to make up portion of the ‘typical’ population of C. pagoda. The second 
name C. pagoda costatum Shikama 1963 (as costata ) applies to a group of shells 
having prominent spinose lirae in addition to the anterior carina. The information 
on this group is limited and, as yet, no attempt has been made to map their distribu¬ 
tion, but there is a distinct possibility that the subspecies may be recognized for the 
west coast shells, whilst C. pagoda pagoda would apply to the east coast group. 


Histricosceptrum gen. nov. 

Type species: Columbarium atlantis Clench and Aguayo 1938. 

Etymology: L., Histrix,-icis , f. porcupine; L., seeptrum, —/, staff; gender 
neuter. 

Description: Shell elongate, fusiform of convex whorls cut by a keel bearing 
long hollow spines. Protoconch smooth globose of li whorls, the first whorl devi¬ 
ated perpendicular to the axis of the shell, the second with a keel at the mid-whorl 
and merging imperceptibly with the spire whorls. Adult whorls convex, strongly 
lirate. Axial sculpture of growth striae only. Aperture sub-circular, typically with 
the inner lip covered with a thin glaze. Outer lip notched at the keel. Canal long and 
straight. 

Distribution: Carribbean; West Africa? (Recent). 

Comments: This genus has a Columbarium type of protoconch but lacks the 
anterior carina and on the type species the inner lip is covered only with a thin 
glaze. The African species Columbarium canaliculatum Martens 1901 which 
appears to belong to the group of H. atlantis has a plate covering the inner lip, but 
as yet there are not sufficient specimens to hand fully to assess this feature. It differs 
from Fulgurofusus in having prominent spines on the keel and well developed spiral 
lirae. 
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Histricosceptrum atlantis (Clench and Aguayo 1938) 

(PI. 6, fig. 119, 112; Fig. 1) 

Columbarium atlantis Clench and Aguayo 1938, Mems. Soc. cub. Hist. nat. 12 (5): 382; PI. 
28, fig. 1; Clench 1944, Johnsonia 1 (15): 2; PI. 1, fig. 4. 

Diagnosis: A Histricosceptrum with a very elongate spire and regularly convex 
whorls cut by a keel bearing long anteriorly directed tubelike spines. 

Description: Shell with a long narrow spire of very convex whorls which are 
cut by a prominent keel set close to the anterior suture. Keel bearing anteriorly 
directed tubelike spines. Posterior whorl slope bearing three or four irregularly 
spaced spiral ridges. Anterior whorl slope of body whorl with four to five coarser 
lirae which continue onto the posterior half of the canal. Aperture semicircular. 
Canal long and straight. 

Dimensions: 


Holotype 

MCZ 135004 

L 35 

LS 15 

HA — 

W 6 

Hypotype 

MCZ 135170 

32 

16 

3-5 

7 

MCZ 178190 

34 

17 

4-5 

7 


Location of Types: Museum of Comparative Zoology, Harvard University: 
Holotype MCZ 135004, Hypotype MCZ 135170; Museo Poey, Habana, Cuba: 
Paratype. 

Type Locality: Atlantis Station No. 2999 Lat. 23°10'N, Long. 81°29'W off 
Matanzas, Cuba, 230 fathoms. 

Occurrence: Four stations in the vicinity of the type locality, Cuba. 

Material: Two specimens, MCZ 135170, MCZ 178190. 

Comments: The elongate spire, the convex whorls with simple lirate sculpture, 
and the anteriorly directed spines separate this species from the two others in this 
genus. 

Histricosceptrum bartletti (Clench and Aguayo 1940) 

Columbarium bartletti Clench and Aguayo 1940, Mems. Soc. cub. Hist. nat. 14 (1): 86; PI. 
14, fig. 3; Clench 1944, Johnsonia 1 (15): 3; PI. 1, fig. 5 . 

Diagnosis: A Histricosceptrum with an elongate spire and channelled suture. 
Posterior whorl slope concave with a series of radial ribs adjacent to the posterior 
suture. Anterior whorl slope regularly convex with about six coarse lirae. 

Description: Shell with a long narrow spire and laterally directed keel spikes. 
Posterior whorl slope convex with numerous prominent radial ribs close to the 
posterior suture forming a deep channel adjacent to the suture. Anterior whorl slope 
of body whorl regularly convex with numerous coarse lirae which extend onto the 
posterior half of the canal. Aperture sub-quadrate, canal long and straight. 
Dimensions: 


Holotype MCZ 104729 

L 39 

LS 19 

HA 5-5 

W 8 

Paratype 

35 

16 

— 

8 


Location of Types: Museum of Comparative Zoology, Harvard University: 
Holotype MCZ 104729; Museo Poey, Habana, Cuba: Paratype. 

Type Locality: Blake Station 9. Lat. 18°12'N, Long. 78°20'W. Off Homers 
Cove, Westmoreland, Jamaica 254 fathoms. 














FAMILY COLUMBARIIDAE (MOLLUSCA: GASTROPODA) 89 

Occurrence: Type locality. 

Material: The above description was compiled from the original description 
and figure. 

Comments: The species is similar in form to H. atlantis (Clench and Aguayo) 
but the channelled suture and radial ribs distinguish it from that species. 

Histricosceptrum canaliculatum Martens 1901 
(PI. 6, fig. 108, 111; Fig. 2) 

Columbarium canaliculatum Martens 1901, Sber. Ges. naturj. Freunde Berl. for 1901, p. 20; 

Martens 1903, Deutsche Tiefsee—Expedition 1898-99, 7 (1): 92; PI. 2, fig. 7; Theile 

1925, Ibid. 17 (2): 167; PI. 46, fig. 23 (radula). 

Diagnosis: A Histricosceptrum with a somewhat squat conical spire and chan¬ 
nelled suture. Posterior whorl slope convex with a prominent spiral cord close to 
the posterior suture. Anterior whorl slope convex with numerous coarse lirae. 

Description: Shell with a squat conical spire and short posteriorly directed 
tubelike spines. Posterior whorl slope with a prominent spiral cord adjacent to the 
posterior suture causing it to be channelled and a fine lira between the cord and 
the keel. Anterior whorl slope regularly convex with five or so prominent lirae of 
which the posterior is wrinkled beneath the base of each spine. The lirae extend 
onto the posterior half of the canal. Aperture subtriangular; peristome continuous 
in some specimens. Canal long and straight. 

Dimensions: 


Holotype 


61028 


L 35 


LS 14 


HA 4 5 


W 9 


Location of Type: Institut fur Spezielle Zoologie und Zoologisches Museum 
der Humboldt-Universitat zu Berlin: Holotype 61028. 

Type Locality: Valdivia Station 245. Trawl. Lat. 5°27'S, Long. 39°18'E. 400 
metres off Zanzibar, East Africa. 

Occurrence: Valdivia Stations 242, 243 off Zanzibar 400 metres in the vicin¬ 
ity of the type locality. John Murray Expedition Station 105, 310 metres near the 
type locality 5°35'S, 39°14'E. 

. Material: Holotype. 

Comments: The author was able to examine briefly nine specimens from the 
John Murray Expedition. Some of these had the inner lip developed into a lamina as 
in Columbarium s.s. However it seems advisable at this stage to place canaliculata 
with the Carribbean species because of their otherwise close affinity. Further work 
on the East African species may show that it would be better placed in Colum¬ 
barium. 

Serratifusus gen. nov. 

Type species: Fusus craspedotus Tate 1888. 

Etymology: L. serratus, m. denticulated like a saw; L. fusus, m. spindle; 
gender masculine. 

Description: Shell fusiform with convex whorls cut by a prominent keel which 
bears short triangular spikes. Protoconch of H whorls, the first deviated at about 
45° to the axis of the spire, the second smooth but differentiated from the spire 
whorls by two or three prominent axial plicae. First spire whorl keeled and with 
well developed axial costae which form nodules on crossing the keel. Costae present 
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for two or three whorls, then fading. Keel well developed on the adult whorls and 
bearing short triangular spikes, or rarely, produced into a flange. Axial sculpture 
on adult whorls of growth striae which are frequently raised into small scales on 
crossing the spiral sculpture. Spiral sculpture may or may not be well developed. 
Aperture semicircular, columella covered with a thin glaze, outer lip reflected slightly 
in mature individuals, and sometimes denticulate within and notched at the keel, 
canal long and usually slightly twisted. 

Stratigraphic Range: Lower—Middle Miocene. 

Distribution: E. South Australia; Victoria; N. Tasmania. 

Comments: The prominent axial ribs on the final whorl of the protoconch, the 
ribs of the early spire whorls, the absence of a curved lamina on the columella lip 
and the prominent keel with spikes distinguish this genus. 

Harris (1897, p. 135) is the only author who seems to have realized that Fusus 
craspedotus Tate does not belong with those Australian species traditionally classi¬ 
fied as Columbarium s.s. His reasons are essentially those outlined in the previous 
paragraph. He preferred to place it in the Fasciolariidac but its considerable resemb¬ 
lance to Coluzea has led the writer to retain the genus in the Columbariidae. Its 
affinities with Hispidofusus have already been discussed. 

Serratifusus scabrosus sp. nov. 

(PI. 5, fig. 84, 101, 105) 

Diagnosis: An elongate fusiform Serratifusus with regularly convex whorls cut 
by a keel bearing short triangular spikes. Posterior whorl slope with four distinct 
lirae bearing small scales. Anterior whorl slope of body whorl with about six promi¬ 
nent scale bearing lirae of which two are present on the spire. 

Description: Shell elongate fusiform with a high spire of regularly convex 
whorls. Keel bisecting spire whorls and bearing blunt spikes. Posterior whorl slope 
with about four well developed scale bearing lirae; anterior whorl slope of spire 
whorls with two lirae and on the body whorl with six. Axial ribs persisting to about 
the fourth whorl and then confined to the bases of the keel spikes. Growth striae 
raised into minute scales on crossing the spiral sculpture. Aperture oval with promi¬ 
nent denticulations on the outer lip. 

Dimensions: 


Holotype 

P26480 

L 47 

LS 35 

HA 11 

W 19 

Canal broken 

Paratype 

P26481 

27 

15 5 

5-5 

8 

Juvenile 

Figured specimen P26483 

46 

29 

10 

15 

Lower bed, 
Fossil Bluff 


Location of Types: National Museum of Victoria: Holotype P26480, F. A. 
Cudmore Collection; Paratype P26481, Collected NMV 14.12.1967; Figured 
specimen P26483, F. A. Cudmore Collection. 

Type Locality: Fischers Point, Aire R., exact horizon unknown. The species 
is restricted to the lower mollusc horizon from whence came the paratype 20-30 ft 
above Lake Craven, SE. side Fischers Point, Grid Ref. Aire 359,158. Lower Fish¬ 
ing Point Marl. Longfordian. 

Stratigraphic Range: Janjukian/Longfordian—Longfordian. 

Occurrence: ? Upper and lower beds, Table Cape, Tasmania; Type locality. 
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Material: Types and eight other specimens. 

Comments: Unfortunately, the only well preserved, complete, adult specimen 
is not precisely located stratigraphically. However, the author is satisfied that the 
specimen came from the same locality and horizon as the paratype because the 
preservation, which is very characteristic for the lower mollusc horizon, is identical 
with that of the paratype. 

The specimens from Tasmania are provisionally included in this species until 
better preserved specimens are available. The whorl profile is not so convex as in 
topotypes, and the axial ribbing at the bases of the keel spikes is more prominent. 
As the specimens are somewhat worn there are no signs of scales. The Tasmanian 
specimens bear a striking, if somewhat superficial, resemblance to the fasciolariid 
Falsicolus kaiparaensis (Suter 1917) from Pakarangi Point, Kaipara Harbour, New 
Zealand (Otaian, Lower Miocene). 

Serratifusus bovarius sp. nov. 

(PI. 2, fig. 8, 11-13) 

Diagnosis: An elongate Serratifusus with slightly convex whorls cut by a ser¬ 
rate keel. Whorl slopes with many fine, somewhat irregular spiral threads, some of 
which may be coarser and bear small scales where the growth lines cross them. 
Canal almost straight with two slight kinks. 

Description: Shell elongate fusiform with slightly convex whorls cut by the 
keel which bears blunt triangular spikes. Posterior whorl slope slightly convex with 
10-15 spiral threads, which are somewhat irregular due to their interruption by the 
growth lines. Occasionally two or three of the threads are coarser and the growth 
lines are produced into scales where they cross them. Anterior whorl slope with 
20-30 lirae which are similar on the posterior slope, with occasionally every second 
or third thread coarser than the others, and with scales. Aperture subtriangular, 
canal long and twisted bearing numerous fine spiral threads. 


Dimensions: 


Holotype 

P26485 

L 32 5 

LS 20 

HA 7 5 

W 115 


Paratype 

P26484 

29 

20 

8 

12 

Curlewis 


Location of Types: National Museum of Victoria: Holotype P26485, Col¬ 
lected T. A. Darragh 27.4.1968; Paratype P26484, F. A. Cudmore Collection. 

Type Locality: Geological Survey locality F c 20. Amphitheatre S. of Bull Is., 
Leigh R. about 60 ft above flood plain, just above sands and first prominent lime¬ 
stone ledge. Grid Ref. Rokewood 058,156. 

Stratigraphic Range: Batesfordian (Lower Miocene). 

Occurrence: Fyansford Clay: (Batesfordian) Type Locality. 

Curlewis Formation: (Batesfordian) Belmont; G.S.V. locality A d 14. Block 1. 
Section 24, Parish of Moolap; A ,J 12, section 23, Block 1, Parish of Moolap. 

Fishing Point Marl—Upper Part: (Batesfordian) On Fischers Point 70'-80' 
above Lake Craven, Upper mollusc horizon, Grid Ref. Aire 352,163. 

Gellibrand Clay: (Batesfordian) Cutting 1-2 miles SW. of Melrose Rd on 
Princetown-Cobden Rd, Grid Ref. Princetown 032,348. Cutting Lavers Hill-Cob- 
den Rd at Kennedys Creek, Grid Ref. Princetown 615,239. 

Glenelg Group: (Batesfordian) Limestone Creek, Glenelg R. 
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Material: Type and thirteen topotypes. 

Comments: This species is possibly the ancestor of Serratifusus craspedotus 
(Tate) which it closely resembles, but the overall pattern of ornament is less scab- 
rose, the lirae are finer and more uniform in development and the canal is almost 
straight. The specimens of Serratifusus craspedotus (Tate) from the R. Murray, in 
particular, show close affinity and are probably only a little younger in age. 

At Fischers Point there occur specimens of a related Serratifusus which could 
have given rise to S. foleaceus (Tate) by the flattening of the posterior whorl and 
the recurving and fusion of the keel spikes. Only two or three individuals have been 
found and their horizon is not known. 


Serratifusus (?) youngi (Chapman 1922) 

(PI. 5, fig. 88-89; Fig. 24) 

Fusinus youngi Chapman 1922, Proc. Roy. Soc. Viet. 35(1): 14; PI. 3, fig. 20. 

Diagnosis: An extremely narrow, elongate Serratifusus lacking a keel and with 
sharp nodules on the periphery of the whorls. 

Description: Shell elongate, fusiform with whorls sloping gently to the shoul¬ 
der which bears sharp, slightly elongate nodules. First two juvenile spire whorls 
ribbed but thereafter there is no trace of axial ribbing. Anterior and posterior whorl 
slopes bearing numerous close set spiral threads, which are crossed by fine growth 
striae giving a slightly cancellate appearance to the surface of the whorls. Aperture 
semicircular, the inner lip covered only with a thin glaze. Canal relatively short, 
about as long as the spire and straight. 


Dimensions: 


Holotype PI 3246 


L 27 


LS 185 


HA 6 W 6 5 


Location of Types: National Museum of Victoria: Holotype PI3246, J. H. 
Young Collection. 

Type Locality: ‘Curlewis’. Curlewis Formation, Batesfordian. 

Stratigraphic Range: Batesfordian, Lower Miocene. 

Occurrence: Curlewis Formation: (Batesfordian) Type Locality; Well sink¬ 
ing at Belmont; Geological Survey locality F c 20, Amphitheatre S. of Bull Is.; Leigh 
R. 60 ft above flood plain. Grid Ref. Rokewood 058,156. 

Fishing Point Marl: (Horizon not known) Fischers Point, Aire R. 

Gellibrand Clay: (Batesfordian) Cutting Lavers Hill-Cobden Rd at Kennedys 
Creek, Grid Ref. Princetown, 615,239. 

Myaring beds, Glenelg Group: (Batesfordian) Caldwells Cliff, Glenelg R.; 
Listers Cliff, Glenelg R. 

Material: Type and five topotypes. 

Comments: This species has been placed provisionally in Serratifusus because 
of the evidence from the protoconch and early whorls. However, it is not unlikely 
that it is a fusininid, as Fusinus for example, has a similar type of protoconch. 

Serratifusus craspedotus (Tate 1888) 

(PI. 5, fig. 102-104; Fig. 21) 

Fusus craspedotus Fate 1888, Trans. R. Soc. S. Aust. 10: 134; PI. 8, fig. 4; Harris 1897, Cata- 
logue of Tertiary Mollusca p. 134. 
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Diagnosis: A Serratifusus with rather tumid whorls bisected by a serrate keel. 
Posterior whorl slope bearing two to four spiral threads; anterior whorl slope of 
body whorl with a prominent lira which is coincident with the suture on the earlier 
whorls, and three or four other threads present between it and the canal. 

Description: Shell fusiform with rather tumid whorls cut by a serrate keel, 
bearing prominent triangular spikes. Posterior whorl slope with two to four and 
occasionally more irregular spiral threads. Anterior whorl slope of body whorl with 
many spiral threads of which four to eight are more prominent, and the most promi¬ 
nent of these is coincident with the suture of the earlier whorls. Surface of whorl 
crossed by growth striae which give the surface a roughened appearance. Frequently 
the striae are raised into scales where they cross the spiral lirae. Aperture subtri- 
angular with a reflected outer lip, denticulated within in mature specimens. Canal 
long, strongly twisted and bearing three or four scaly lirae. 


Dimensions: 


Holotype 

T466A 

L 47 

LS 34 

HA 13 

W 22 


Hypotype 

P26487 

65 

40 

16 

27 

Fossil Beach 


Location of Types: Tate Museum, Geology Department, University of Ade¬ 
laide, S.A.: Holotype T 466A; National Museum of Victoria: Hypotype P26487, 
F. A. Cudmore Collection; Hypotype P26488, T. A. Darragh Collection. 

Type Locality: Lower beds at Muddy Creek. Clifton Bank, Muddy Creek, 
Hamilton. Muddy Creek Formation, Balcombian. Middle Miocene. 

Stratigraphic Range: Batesfordian—Balcombian. 

Occurrence: Type locality. 

Balcombe Clay: (Balcombian) Fossil Beach, Balcombe Bay. Grid Ref. Cran- 
bourne 072,845; Section 8A of Gostin 1966, upstream section Grices Creek, Grid 
Ref. Cranbourne 111,910; Section 7A of Gostin 1966, Dennant Creek 30-40 yds 
downstream from the Older Volcanics, Cranbourne 120,928; Beach 200 yds S. of 
Grices Creek. 

Newport Formation: (Balcombian) Altona Bay Coal Shaft No. 2. 

Fyansford Clay: (Balcombian) Geological Survey locality A d 28, Orphanage 
Hill, Fyansford; Overburden, lowest bench, just above limestone, Australian Cement 
Quarry, Batesford; Red Hill, Shelford-Inverleigh Rd; Left Bank, Native Hut Creek, 
SW. of Glenleigh, Grid Ref. Geelong 173,034. 

Gellibrand Clay: (Balcombian) W. of Gellibrand R. 

Morgan Limestone, Cadell Marl Lens: (Batesfordian) Cliffs left bank R. Mur¬ 
ray 4 miles S. of Morgan; Section C, hundred of Cadell, S.A. 

Material: Type and thirty topotypes. 

Comments: Topotypes of this species are somewhat variable in their shape and 
sculpture, some being rather squat, others elongate, some relatively smooth, others 
scabrose. Specimens from Balcombe Bay are not so variable and are very like 
Tate’s type specimen. The oldest population stratigraphically is that from the 
Murray clifTs in which smoother forms are common; the whorls are not as scabrose 
nor convex as topotypes and suggest derivation from a form such as S. bovarius 
sp. nov. In Victoria the species is confined to the Balcombian and no Batesfordian 
examples are known, which poses a slight problem as to its origin. Apparently it 
did not evolve directly from the Victorian Batesfordian S. bovarius but migrated 
from the west. 


G 
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Serratifusus foliaceus (Tate 1888) 

(PL 5, fig. 85, 92, 98) 

Fusus foliaceus Tate 1888, Trans. R. Soc. S. Aust . 10: 132; PI. 7, fig. 10. 

Columbarium foliaceum Harris 1897, Catalogue of Tertiary Mollusca p. 53; Cossmann 1901, 
Essais de Paliochonchologie Comparie 4: 15; PI. 1, fig. 8. 

Diagnosis: A Serratifusus with a gradate spire and prominently flanged keel. 
Posterior whorl slope flat and smooth; anterior whorl slope of body whorl convex 
and bearing 8-10 coarse lirae. 

Description: Shell subfusiform with a gradate spire of prominently shouldered 
whorls. Keel produced into a thin lamina which is curved posteriorly and in the 
early whorls almost touches the spire. Anterior side of flange sculptured with num¬ 
erous oblique threads. Shoulder of whorls flat and smooth. Anterior whorl slope of 
body whorl convex and bearing 8-10 rather coarse lirae, two or three of which are 
more prominent and set in the middle of the anterior part of the whorl. Aperture 
subquadrate. Canal long, slightly twisted and bearing almost obsolete lirae. 


Dimensions: 


Holotype 

T486A 

L 44 

LS 27 I HA 9 5 

W 16 


Hypotype 

P26489 

58 

| 24 | 10 

15 

Fossil Beach 


Location of Types: Tate Museum, Adelaide University Geology Department: 
Holotype T 486A; National Museum of Victoria: Hypotype P26489, F. A. Cud- 
more Collection. 


Type Locality: ‘Lower beds at Muddy Creek’ i.e. Clifton Bank, Muddy Creek 
near Hamilton, Victoria. Muddy Creek Formation, Balcombian. 

Stratigraphical Range: Balcombian (Middle Miocene). 

Occurrence: Type locality. 

Gellibrand Clay: (Balcombian) 2i miles W. of the mouth of the Gellibrand R. 

Newport Formation: (Balcombian) Altona Bay Coal Shaft No. 2. 

Fyansford Clay: Orphanage Hill, Fyansford horizon not known; Griffins, left 
bank, Moorabool R. at water level, Geelong 373,996; Red Hill, Inverleigh Rd, 
South of Shelford; Native Hut Creek about 2 miles from the mouth, Geelong 
173,034. 6 

Balcombe Clay: (Balcombian) Fossil Beach, Balcombe Bay, Cranbourne 
072,845; 200 yards S. of Grices Creek; Dennant Creek about 50 yds downstream 
from the Older Basalt, Cranbourne 120,928. Grices Creek, exact horizon not 
known, but not collected in recent years in the downstream section. 

Gellibrand Clay: (Balcombian) Port Campbell Cheese Factory; Chappies 
Locality, i mile upstream from the mouth of La Trobe Creek. 

Material: Type and twenty topotypes. 

Comments: Specimens from Balcombe Bay have a rather scabrose appearance 
due to the development of minute scales where the growth lines cross the spiral 
lirae. Most specimens from other localities also showed this feature to some extent 
but it varies according to the locality. The first three localities are grouped together, 
as specimens from these do not show this feature. Larger series of specimens from 
all localities may show that this feature is of stratigraphic significance. 

Serratifusus foleaceus has a typical Serratifusus apex. The deviated protoconch 
is smooth for li whorls and the last i whorl has three or four vertical ribs; the keel 
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then develops suddenly and is crossed by axial ribs giving it a nodulose appearance. 
The keel is present for another i whorl, then the radial ribs fade rapidly and the 
keel is produced into a flange. The gradual development of the flange is similar to 
that in Columbarium pagodoides (Watson) but that species has a typical Colum¬ 
barium type of protoconch and does not have ribs on the first quarter of the adult 
whorls. 

Serratifusus foleaceus has developed from the craspedotus stock in the Bates- 
fordian by laminate development of the keel. Certain juvenile species of Serratifusus 
craspedotus from Morgan are very close in shape to specimens of S. foleaceus which 
have had the flange worn down. The ancestor of the species seems to be that which 
occurs at Fischers Point with S. bovarius sp. nov. Unfortunately there are not 
sufficient specimens to permit description, except to say that it is intermediate in 
form between S. foleaceus and S. bovarius. The horizon is not known, but the 
preservation and adherent matrix suggests the upper mollusc horizon 70-80 ft above 
Lake Craven, near the tip of Fischers Point. 

Serratifusus clydoniatus sp. nov. 

(PI. 5, fig. 79, 87, 90, 99) 

Diagnosis: A Serratifusus with a gradate spire and sharply shouldered whorls. 
Keel with blunt posteriorly directed spikes. Posterior whorl slope somewhat undu¬ 
late on the juvenile whorls but concave to slightly convex with a few very fine spiral 
threads on the body whorl. Anterior whorl slope only slightly convex, attenuating 
abruptly at the suture with a prominent lira anterior to the keel, which is produced 
into elongate nodules beneath the keel spikes. 

Description: Shell with a gradate spire and an impressed suture. Whorls 
angular, almost flattened above and below the keel on the body whorl, but undulate 
on the penultimate whorl. Keel with thickened and rounded spikes which are direct¬ 
ed posteriorly. Spikes bearing thin threads which are offset to the sculpture of the 
whorls. Posterior whorl slope of body whorl flattened or somewhat concave with 
very thin, almost obsolete spiral threads. Anterior whorl slope slightly convex 
bearing numerous spiral threads one of which, situate immediately beneath the 
keel, is stronger and is raised into low elongate sharp nodules beneath the keel 
spikes. These nodules decrease in size and are not present on the body whorl. Aper¬ 
ture subtriangular. Canal long and twisted bearing obsolete spiral threads. 


Dimensions: 


Holotype 

P26491 

L 51 

LS 24 

HA 10 5 

W 18 


Paratype 

P26494 

41 

21 

9 

15 

Murgheboluc 2B 

Paratype 

P26492 

38 

26 

11-5 

19 



Location of Type: National Museum of Victoria: Holotype P26491, Para- 
type P26492, both Collected T. A. Darragh 6.4.1968; Paratype P26494, F. A. 
Cudmore Collection. 

Type Locality: Cliff 0-10 ft above Barwon R. (N. left bank), Section 4A 
Parish of Murgheboluc near junction of Bruces Creek and Barwon R. Grid Ref. 
Geelong 229,982. Bairnsdalian (Lower?) 

Stratigraphic Range: (Lower?) Bairnsdalian, Middle Miocene. 

Occurrence: Fyansford Clay: (Bairnsdalian) Type Locality, Cliff section left 
bank Barwon R., section 2B Parish of Murgheboluc, Grid Ref. Geelong 197,988; 
Cliff section left bank Leigh R. due N. of Inverleigh, Grid Ref. Geelong 138,007* 
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Leigh R. above Inverleigh Bridge; Native Hut Creek, 100 yards S. of Hamilton 
Highway, Grid Ref., Geelong 181,010; Orphanage Hill, Fyansford, horizon un¬ 
known. 

Balcombe Clay: Shore platform at Manyung Rocks, just beneath Baxter Sand¬ 
stone, Grid Ref. Cranbourne 106,903; Grices Creek, horizon not known, Grid. Ref. 
Cranbourne 111,910. 

Gellibrand Clay: Cliffs 2i miles W. of the mouth of Gellibrand R., horizon not 
known. 

Material: Types, two adult topotypes and numerous broken or juvenile topo- 
types; 5 adult specimens from Murgheboluc 2B. 

Comments: This species has evolved from Serratifusus craspedotus (Tate) 
but as yet the intermediates in the development have not been adequately docu¬ 
mented in the Geelong area, due to lack of suitable exposures and/or faunas. 
Unfortunately, for localities where it may be possible to demonstrate its develop¬ 
ment such as Fyansford or Gellibrand, no zonal collections have been made. At 
both these localities Serratifusus craspedotus Tate and S. clydoniatus sp. nov. occur 
together in the Museum collections, but the author has not found them together in 
the Inverleigh or Murgheboluc areas. Thus it would appear that in the past more 
than one fauna from certain localities have been collected and mixed together. 

As there are two juvenile specimens only, known from Grices Creek and Man¬ 
yung, it seems that the species is either at the extremity of its range, that the environ¬ 
ment was not suitable or that the competition from other species of the genus was 
too intense for it to be adequately established. 

The species is distinguished by the ripple-like appearance of the penultimate 
whorl and by the presence of sharp nodules anterior to the keel on the spire whorls. 

Serratifusus archimedes sp. nov. 

(PI. 5, fig. 94-97) 

Diagnosis: A Serratifusus with almost smooth slightly convex whorls and 
angular whorl profile. Anterior whorl slope attenuating rapidly from the keel to 
the suture so that each whorl has the appearance of an inverted cone. 

Description: Spire pagodiform with well shouldered whorls which taper rapid¬ 
ly from the keel to the suture. Posterior whorl slope slightly convex near the suture, 
but depressed near the keel and bearing two or three almost obsolete spiral threads. 
Keel with numerous small triangular spikes. Anterior whorl slope very slightly 
convex with about 10-15 spiral threads which continue onto the canal. Aperture 
subtriangular with weakly developed denticles on the outer lip. 

Dimensions: 


Holotype 

P26496 

L 45 

LS 23 

HA 10 

W 17 

Paratype 

P26497 

47 

26 

11 

19 


Location of Types: National Museum of Victoria: Holotype P26496, Para- 
type P26497, both from F. A. Cudmore Collection. 

Type Locality: Lower beds, Grices Creek (probably equivalent to beds 8 B 
e, f and g of Gostin (see appendix), downstream section Grices Creek, Grid Ref. 
Cranbourne 111,910. Balcombe Clay, Bairnsdalian, 

Stratigraphic Range: Bairnsdalian—Middle Miocene. 
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Occurrence: Upper Balcombe Clay: Type locality; Bed beneath Baxter Sand¬ 
stone at Manyung Rocks, Cranbourne 106,903; Grices Creek, horizon not known. 

Material: Types and eight adult specimens from Grices Creek, horizon not 
known. 

Comments: The development of this unusual species can be traced from S. 
craspedotus (Tate) as some specimens of that species from Muddy Creek have the 
spiral sculpture reduced and the whorls somewhat flattened. However no specimens 
have yet been found which connect S . archimedes sp. nov. with the upstream Grices 
Creek population of S. craspedotus , as there is a covered interval between the 
upstream and downstream sections at Grices Creek, thus the existence of inter¬ 
mediate forms in the Port Phillip area cannot be proved. 

The prominent shoulder on the whorls and the rapid attenuation of the whorls 
from keel to suture resembles S. clydoniatus sp. nov. but this species lacks the 
nodules beneath the keel. 

Apparently S. archimedes ranges from low in the Grices Creek section to the 
top of the Balcombe Clay, but no specimens have been collected in the last few 
years from the middle and upper part of the Grices Creek section. The specimen 
from Manyung Rocks is unique despite the fact that extensive collections from that 
area have been made. 

Serratifusus stellatus sp. nov. 

(PI. 5, fig. 82, 86, 93) 

Diagnosis: An elongate fusiform Serratifusus with somewhat shouldered whorls. 
Posterior whorl slope convex to concave bearing fine spiral threadlets. Anterior 
whorl slope of body whorl with coarser close-set threads of which one or two, 
coincident with the suture, are slightly stronger. 

Description: Shell elongate, fusiform, with a gradate spire bearing axial ribs 
on the first 3i adult whorls. Posterior whorl slope convex to concave with numerous 
fine spiral threads. Anterior whorl slope of body whorl convex with 15-20 lirae, of 
which the median two or three are coarser. Aperture subtriangular to subquadrate, 
outer lip denticulate. Canal long and twisted with numerous fine lirae and two or 
three prominent scaly lirae. 

Dimensions: 


Holotype 

P26499 

L 38 

LS 21 

HA 9 

W 12 


Paratype 

P26501 

33 

18 

7-5 

8-5 

Bed 8 B g 


Location of Types: National Museum of Victoria: Holotype P26499, F. A. 
Cudmore Collection; Paratype P26501, Collected T. A. Darragh. 

Type Locality: Lower beds, Grices Creek, approximately equivalent to beds 
8 B e, f and g of Gostin, the lowest beds exposed in the downstream section. Bal¬ 
combe Clay, Bairnsdalian, Middle Miocene. 

Stratigraphic Range: Bairnsdalian, Middle Miocene. 

Occurrence: Balcombe Clay: Lower and Middle beds, Grices Creek; Beds c, 
d, e, f, g, of Gostin, downstream section Grices Creek, Grid Ref. Cranbourne 
111,910; Cliff Section S. of Manyung Rocks, Cranbourne 106,903 (Very rare). 

Fyansford Clay: Cliff, left (N.) bank Barwon R., Section IV A, Parish of 
Murgheboluc, Geelong 229,982; ? Orphanage Hill, Fyansford. 

Bullenmerri Clay: Allotment 1, Section III, Parish of Colongulac; NW. side, 
waters edge, Lake Bullenmerri, Camperdown; Lake Gnotuk, Camperdown. 
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Material: Types, about 15 topotypes and numerous other specimens. 

Comments: This is a somewhat variable species in terms of development of 
the keel spikes since these can be relatively insignificant, or extremely well devel¬ 
oped, giving the shell a stellate outline when viewed along the axis. Some specimens 
also have a slightly scabrose appearance due to the growth striae being raised into 
minute scales on the spiral lirac. 

Its ancestor is probably S. craspedotus (Tate) as shown by the rather variable 
population of Muddy Creek. Why the latter should give rise to two species i.e. 
S. stellatus and S. archimedes, both of which occur in the same beds, is not clear, 
and suggests that the development of these two Bairnsdalian species is more compli¬ 
cated than a simple development from S. craspedotus. 


Serratifusus squamulatus sp. nov. 

(PI. 5, fig. 80-81,83,91) 

Diagnosis: A narrow fusiform Serratifusus with convex whorls bearing squa- 
mose lirae, two to four above the keel and four to six below it. 

Description: Shell elongate, fusiform with very convex whorls, sutures impres¬ 
sed. Protoconch with 2-3 axial plicae followed on the first two adult whorls by 
strong axial ribs which give rise to nodules on the keel. Posterior whorl slope with 
2-4 lirae. Anterior whorl slope with 6-8 lirae of which 3-4 are visible on the penulti¬ 
mate whorl. Prominent scales are developed where the growth striae cross the lirae. 
Aperture elliptical with the inner lip covered with light callus, and with the outer 
lip faintly denticulate within. Canal almost straight and bearing spiral threads of 
which 2 or 3 are more prominent and bear scales. 

Dimensions: 


Holotype 

P26503 

L 37 

LS 22 

HA 8 

W 12 

Paratype 

P26505 

38 

22 

7-5 

11 


Location of Types: National Museum of Victoria: Holotype P26503, Col¬ 
lected T. A. Darragh; Paratype P26505, F. A. Cudmore Collection. 

Type Locality: Cliff section to the S. of Manyung Rocks and N. of the jetty 
and sewer pipe, bed 10 B a of Gostin 1966, Grid Ref. Cranbourne 106,903. Upper 
Balcombe Clay. Bairnsdalian. 

Stratigraphic Range: Bairnsdalian, Middle Miocene. 

Occurrence: Type locality. Mouth of Grices Creek, outside fence, upper beds 
8 B a and b of Gostin (appendix). Grid Ref. Cranbourne 111,910. 

Material: Type specimens and 50 topotypes. 

Comments: This species resembles Hispidofusus senticosus (Tate) particu¬ 
larly in the development of the adult whorls but differs in having scales rather than 
hollow spines on the lirae. The protoconch also is typical of Serratifusus and is not 
differentiated from the juvenile whorls as is the case with Hispidofusus. The latter 
also has a more prominently denticulated outer lip and the inner lip is frequently 
developed into a lamina as in Columbarium. 

The species displaces S. stellatus which is still present at Manyung Rocks, but 
in considerably reduced numbers. 
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Fulgurofusus Grabau 1904 

Fulgurofusus Grabau 1904, Smithson, misc. Colins. 44 (1417): 86; Wenz 1941, Gastropoda 

1 (5): 1086; Shimer and Shrock 1944, Index F'ossils of North America p. 507. 

Type Species: (Original Designation): Fusus quercollis Harris 1896. 

Description: Shell fusiform, shouldered with a prominent keel. Protoconch 
of about H whorls, the first deviated at about 45° to the axis of the shell, the 
second with a median nodulate keel which merges imperceptibly with the spire 
whorls. Keel on adult whorls bearing short triangular serrations or developed into a 
flange. Whorls sculptured with numerous, usually fine lirae. Axial sculpture of 
growth striae only. Aperture with the inner lip covered with a thin glaze. Canal 
long and straight. 

Stratigraphic Range: Paleocene-Eocene; Recent. 

Distribution: Eastern and western N. America; Caribbean; Brazil; South 
Orkney Is.; New Zealand. 

Comments: The protoconch of Fulgurofusus is not unlike that of Colum¬ 
barium ; however, the former lacks the curved lamina of the columella of Colum¬ 
barium, and also lacks the anterior carina. 

The five living species have been placed in Fulgurofusus on the basis of the 
overall shape of the whorls and lack of spines and spiral sculpture. It is realized that 
there are a few slight differences between the protoconch of F. quercollis' (Harris) 
and F. bermudezi (Clench and Aguayo) but no more than between the various 
species of Columbarium. The living species have no close affinity with any other 
living or fossil group of columbariids except the Paleoccne F. quercollis and the 
Eocene F. merriami and F. washingtonianus. At the present time there are no 
species known to the author which link the living species with the Eocene. The 
only other similar fossil columbariids are the various species of Coluzea from the 
New Zealand Tertiary, but these have prominent spiral and axial sculpture and a 
keeled protoconch. 

Fulgurofusus quercollis (Harris 1896) 

(PI. 2, fig. 16-18; Fig. 4) 

Fusus quercollis Harris 1896, Bull. Am. Palcont. 1 (4): 200; PI. 18, fig. 9. 

Fulgurofusus quercollis Grabau 1904, Smithson, misc. Colins. 44 (1417): 86; PI. 17, fig. 6; 

Fig. 9. 

Diagnosis: A Fulgurofusus with a double keel on the early whorls, posterior 
whorl slope smooth, anterior slope of body whorl with about five lirae. 

Description: Shell narrowly elongate with a small smooth paucispiral deviated 
protoconch of about li whorls of which the last half is strongly keeled and bears 
sharp axial riblets. Protoconch not distinctly separated from the spire whorls. 
Early spire whorls with a median double keel which is strongly nodulate. Anterior 
cord of the keel less prominent from about the fifth spire whorl and developing into 
a narrow lira immediately anterior to the keel. Keel on the body whorl bearing 
about 15 rounded laminate projections. Posterior whorl slope smooth; anterior 
whorl slope with three lirae visible on the penultimate whorl and five on the body 
whorl. Aperture subtriangular. Canal straight with faint traces of spiral threads. 


Dimensions: 


Hypotype ANSP 9019 

L27-5 

LS 16 

HA 5 (approx.) 

W 7-5 

Hypotype USNM 645887 

17 

— 

— 

10 (approx.) 
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Location of Types: Palaeontological Research Institution, Ithaca, New York: 
Holotype No. 102; Academy of Natural Sciences of Philadelphia: Hypotype 9019; 
United States National Museum: Hypotype 645887, Hypotype 645888. 

Type Locality: 1 mile W. of Oak Hill Post Office, Wilcox County, Alabama, 
U.S.A. Naheola Formation, Upper Midway Group. Upper Paleocene. 

Stratigraphic Range: Mathews Landing Member, Porters Creek Clay, 
Naheola Formation. Paleocene. 

Occurrence: Type locality. Mathew’s Landing, Wilcox County, Ala., U.S.A. 
Graveyard Hill, Wilcox County, Ala. Near Rosebud Post Office, Wilcox County, 
Ala. i mile N. of Ripley, Tippah County, Mississippi, U.S.A. 

Material: ANSP 9019, 8524. 

Comments: The double keel on the early whorls of this species is quite charac¬ 
teristic and does not occur on any other columbariid of similar shape. 


Fulgurofusus merriami (Dickerson 1916) 

Fusinus merriami Dickerson 1916, Univ. Calif. Pubis. Bull . Dep. Geol. 9 (17): 493; PI. 40, 
fig. 2a, b. 

Fusinus merriami Turner 1938, Spec. Pap. geol. Soc. Am. 10: 75; PI. 17, fig. 8. 

Diagnosis: A Fulgurofusus with numerous lirae on posterior and anterior whorl 
slopes, keel serratures posteriorly directed and keel bisecting spire whorls. 

Description: Shell elongate with a gradate spire cut by a median serrate keel 
with posteriorly directed serratures. Posterior whorl slope concave with seven to 
ten lirae. Anterior whorl slope with eight lirae, three of which are more prominent, 
the anterior of these coincident with the posterior suture of the body whorl. 

Dimensions: 


Lectotype 


11833 


L 25 


LS 16 


HA 6 


W 8 


Location of Types: University of California, Berkeley: Lectotype 11833, 
Collected R. E. Dickerson; Paratype 11832. 

Type Locality: UC 1853 Marysville Buttes, 24 miles W., 10°N. of South 
Butte in small canyon E. of County road, Sutter County. Marysville Buttes quad¬ 
rangle, N i 28, T 16 N, R IE. California, U.S.A. Capay Formation, Lower Eocene. 

Stratigraphic Range: Lower-Middle (?) Eocene. 

Occurrence: California, type locality, UC 1428, CAS 259. Western Oregon 
UCA 691 Lower Umpqua Formation, Lower Eocene. UCA 685 ? Tyee Formation, 
Middle Eocene. UCA 1135 Lower Umpqua Formation. 

Material: Syntypes. 

Comments: This species has a suggestion of a double keel as in F. quercollis 
but has much more radial and spiral sculpture. It connects F. quercollis with F. 
washingtonianus Weaver. The protoconch is similar to that of F. bermudezi. 


Fulgurofusus washingtonianus (Weaver 1912) 

Fusus washingtoniana Weaver 1912, Bull. Wash. geol. Surv . 15: 50; PI. 2, fig. 10; Dickerson 
1915, Proc . Calif. Acad. Sci. ser. 4, 5: 72; PI. 9, fig. 8. 

Fulgurofusus washingtoniana Weaver 1943, Univ. Wash. Pubis. Geol. 5 (ii): 490; PI. 93, fig. 
12, 16, 17; PI. 101, fig. 4, 5. ' 
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Diagnosis: A Fulgurofusus with numerous lirae on the posterior whorl slope 
and with the anterior suture immediately in front of the keel. 

Description: Shell fusiform with a sub-conical spire having a serrate keel 
situate immediately behind the anterior suture. Early spire whorls with incipient 
costae coincident with the keel serratures. Posterior whorl slope subconcave, promi¬ 
nent and bearing numerous somewhat undulose lirae. Anterior whorl slope of spire, 
flat, almost horizontal, hidden by over-hang of the keel and bearing two prominent 
lirae. Anterior slope of body whorl with a cord coincident with the posterior suture 
and alternate stout and thin lirae which extend onto the straight canal. 


Dimensions: 


Holotype 


CAS 7559 


L 25 


W 13 


(Weaver) 


Location of Types: California Academy of Sciences: Holotype CAS 7559; 
Paratype CAS 497. 

Type Locality: North bank of Cowlitz R., li miles E. of Vader, Section 28, 
T. 1 IN., R. 2W., Lewis County, Washington, U.S.A. Cowlitz Formation, Upper 
Eocene. 

Stratigraphic Range: Cowlitz Formation, Upper Eocene. 

Occurrence: Type locality and environs. 

Material: One broken topotype. 

Comments: The much reduced anterior whorl slope of the spire distinguishes 
this species from others in the genus. In morphology it seems to connect F. merriami 
with F. bermudezi (Clench and Aguayo). 

Fulgurofusus bermudezi (Clench and Aguayo 1938) 

(PI. 6, fig. 120-121, 128; Fig. 5) 

Columbarium bermudezi Clench and Aguayo 1938, Mems. Soc. cub. Hist. nat. 12 (5): 383; 

PI. 28, fig. 7; Clench 1944, Johnsonia 1 (15): 2; PL 1, fig. 3. 

Diagnosis: An elongate Fulgurofusus with a single keel on the juvenile whorls; 
posterior whorl slope flat and smooth; anterior whorl slope of body whorl flat to 
gently concave, smooth or with one lira and a few incipient spiral threads. 

Description: Shell elongate with smooth spire whorls cut by a single median 
keel bearing anteriorly directed lobate projections. Protoconch deviated paucispiral 
of about 1 i whorls, smooth, imperceptibly passing into the spire whorls. Nodulate 
keel developing on the second whorl. Posterior whorl slope of body whorl smooth; 
anterior whorl slope smooth on some specimens, but on others with a single lira 
and spiral threads. Aperture subquadrate. Canal long and straight with incipient 
spiral threads. 


Dimensions: 


Holotype 

MCZ 135007 

L 27-5 

LS 13 5 

HA 

w 

Paratype 

MCZ 135008 

25 

14 

4-5 

6-5 

Hypotype 

MCZ 135169 

30-5 

16*5 

3-5 

8 


Location of Types: Museum of Comparative Zoology, Harvard University: 
Holotype MCZ 135007; Paratype MCZ 135008; Hypotype MCZ 135169. Museo 
Poey, Habana, Cuba: Paratype. 
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Type Locality: Atlantis Station No. 2989, Lat. 23°10'N.; Long. 80°4'W. off 
Sagua la Grande, Santa Clara, Cuba, 360 fathoms. 

Occurrence: Atlantis Station No. 2988, Lat. 23°15'N.; Long. 79°57'W., 380 
fathoms off Sagua la Grande, Cuba. MCZ 135008. Station No. 298ID, Lat. 22°48' 
N., Long. 78°51'W., 190-230 fathoms off Punta Alegre, Camaguey, Cuba. MCZ 
135049. Station No. 3427, Lat. 22°52'30"N.; Long. 79°20'W., 240 fathoms off 
Caibarien, Santa Clara, Cuba. 

Material: 3 specimens. 

Comments: This species has considerable affinity with F. sarissophorus (Wat¬ 
son) but is much narrower and more elongate and has the projections of the keel 
directed anteriorly rather than laterally as in the former. 


Fulgurofusus sarissophorus (Watson 1882) 

(PI. 6, fig. 107, 112) 

Fusus (Coins) sarissophorus Watson 1882, J. Linn. Soc. Zoology 16: 382. 

Fusus sarissophorus Watson 1886, Challenger Report Zoology 15 (42): 196; PI. 14, fig. 1. 
Columbarium sarissophorum Clench 1944, Johnsonia 1 (15): 1; PI. 1, fig. 1. 

Diagnosis: A fusiform Fulgurofusus with a conical spire, anterior and posterior 
whorl slopes bearing fine spiral threads; canal long and straight. 

Description: Shell fusiform with a conical spire. Spire whorls slightly convex 
and cut by a serrate keel just posterior to the anterior suture. Keel on body whorl 
median. Anterior and posterior whorl slopes of the body whorl convex, bearing fine 
spiral threads which continue on the canal. Aperture subtriangular. 

Dimensions: 


Holotype 


L 19 


LS 9 5 


HA 3 5 


W 6 


Location of Type: British Museum (Natural History): BM(NH) 1887.2.9. 
687. 

Type Locality: Challenger Station 122, 10.9.1873, Lat 9°5'S., Long. 34°50' 
W., 350 fathoms, off Pernambuco, Brazil. 

Material: Photographs of the holotype, the only specimen known. Measure¬ 
ments supplied by Dr N. H. Tebble. 

Comments: The species is related to Fulgurofusus bermudezi (Clench and 
Aguayo) as outlined under that species. The smooth whorls and squat conical spire 
distinguish this species from others in the genus. 


Fulgurofusus brayi (Clench 1959) 

(PI. 6, fig. 113, 115) 

Columbarium brayi Clench 1959, Johnsonia 3 (39): 330; PI. 173, fig. 1, 2. 

Diagnosis: A clavate bulgurofusus with a depressed spire and sharply keeled 
whorls. Posterior whorl slope smooth and convex; flanged keel with about five fine 
spiral threads on the posterior surface. Anterior whorl slope convex with numerous 
fine spiral threads which continue from the anterior side of the flange onto the canal. 

Description: Protoconch deviated paucispiral of l to IT whorls. Spire whorls 
bisected by a prominent laminar keel which bears fine spiral threads on its anterior 
and posterior surfaces. Posterior whorl slope convex and smooth; anterior whorl 
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slope of body whorl with numerous crowded fine spiral threads which are con¬ 
tinuous from the keel on to the canal. Aperture subtriangular. Canal long and 
slightly twisted. 


Dimensions: 


Holotype 

MCZ 221601 

L 51 I LS — 

HA — 

W — 


Paratype 

MCZ 221602 

38 | 17 

7 

13 



Location of Types: Museum of Comparative Zoology: Holotype MCZ 
221601; Paratype MCZ 221602. 

Type Locality: Atlantis Station Lat. 11°N., Long. 66°T off Cabo Codera, 
Venezuela, 150 fathoms. 

Occurrence: Type Locality. 

Material: Paratype. 

Comments: The more prominent sharp keel and fine spiral sculpture separate 
this species from F. benthocallis (Melvill and Standen), the only other columbariid 
which resembles it. 

Fulgurofusus benthocallis (Melvill and Standen 1907) 

(Pl. 6, fig. 118, 124) 

Columbarium benthocallis Melvill and Standen 1907, Trans. R. Soc. Edinb. 46 (1): 140; PL, 

fig. 11. 

Diagnosis: An elongate Fulgurofusus with a flangelike keel; posterior whorl 
slope ornamented with very fine spiral threads; anterior whorl slope of body whorl 
with numerous fine spiral threads and thin rather prominent median lira. 

Description: Shell gradate with shouldered whorls bearing a prominent flanged 
keel. Posterior whorl slope flat, with very fine spiral threads which are also present 
on the flanged keel. Anterior whorl slope with somewhat coarser spiral threads and 
on the body whorl a prominent median lira which is contiguous with the suture. 
Aperture subquadrate. Canal long and straight. Growth lines somewhat coarser on 
the early whorls giving a rather cancellate appearance to the surface of the shell. 

Dimensions: 


Holotype 


L 42 

LS 24 

HA 9 

W 14 


Apex of shell eroded 


Location of Type: Royal Scottish Museum: Holotype 1921.143.673, W. S. 
Bruce Collection. 

Type Locality: Scottish National Antarctic Expedition Scotia Station 313, 
10.3.1903, Trawl. Lat. 62°10'S.; Long. 41°20'W. 1755 fathoms. South Orkney 
Islands. 


Occurrence: Type locality. 

Material: Holotype, the only specimen known. 

Comments: The only other named species which approaches F. benthocallis 
is F. brayi (Clench) which has a very low spire, a much more prominent keel and 
lacks the prominent lira of the body whorl. These two species which are closely 
related are provisionally placed in Fulgurofusus on the grounds of their general simi¬ 
larity to F. bermudezi (Clench and Aguayo) which, whilst having a serrate keel, 
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has a similar whorl shape, ornament, a long straight canal and a simple inner lip. 
An unnamed species similar in appearance to F. benthocallis is discussed below. 

Fulgurofusus sp. cf. benthocallis (Melvill and Standen 1907) 

(PI. 6, fig. 114) 

Comments: A single specimen from New Zealand Oceanographic Station 
E749/TAM, 40°47'S., 176°57'E.; 499-545 fathoms, off Castle Point, North Island, 
New Zealand, is very similar to F. benthocallis in sculpture, as both anterior and 
posterior whorl slopes bear fine spiral threads with a single prominent lira on the 
anterior whorl slope, but the flange is directed anteriorly rather than posteriorly 
and the outline of the body whorl is not as rectangular and is more in accord with 
F. brayi (Clench). 

Unfortunately the specimen is a dead shell with the protoconch missing, so it is 
not possible to determine the relationship of it or its relatives to the other New 
Zealand columbariids, and at the time of writing the shell is missing. 

Coluzea Finlay 1927 

Coluzea Finlay in Allan 1927, Trans. N.Z. Inst. 57: 304; Finlay 1927, Ibid. p. 407; Finlay 

1930, Ibid. 61: 267; Dell 1956, Rcc. Dom. Mus. Wellington 3 (1): 47. 

Type Species: (Monotypy): Fusus dentatus Hutton 1877. 

Description: Shell elongate, fusiform with regularly convex whorls cut by a 
prominent keel. Protoconch of li to 2i whorls, usually keeled, the first usually 
larger than the remainder, deviated at a low angle to the axis of the spire and 
flattened, second whorl either merging gradually with the spire whorls or ending 
abruptly, sometimes with a small varix or midwhorl nodule. Spire whorls convex, 
sculptured with prominent spiral lirac and often broad low axial ribs or folds. Keel 
prominent, rarely obsolete, occasionally produced into a flange but usually in the 
form of flattened blunt triangular projections. Aperture subtriangular with the inner 
lip coated with a thin glaze. Canal long and straight or very slightly twisted. 

Stratigraphic Range: Middle Eocene, Lower Oligocene, Europe; Lower 
Oligocene—Recent, New Zealand; Recent, Africa. 

Distribution: Europe, New Zealand, South Africa, West Africa. 

Comments: The protoconch of Coluzea is somewhat variable from species to 
species when compared with other columbariids, though most seem to be of the 
form of C. dentata (Hutton) rather than C. spiralis (A. Adams). The latter has a 
prominently keeled protoconch (Fig. 13) which merges gradually with the spire 
whorls, unlike most of the other species, which either end abruptly as in C. marine 
Powell (Fig. 11) or end in an incipient varix or small ribs as in C. dentata (Hut¬ 
ton) (Fig. 7). C. climacota (Suter) is not a columbariid since the protoconch is 
rather different from all the others in having more whorls and a more prominent 
midwhorl keel which spirals to the anterior suture and forms the sutural lira, whilst 
another midwhorl keel develops from a series of small midwhorl nodules. 

The South African species described below were originally thought to be related 
to the Australian Serratifusus but on examination of specimens now in hand it 
appears that their affinities are more with Coluzea. They lack the prominent triangu¬ 
lar keel spikes of the former and also the prominent axial plicae of the protoconch, 
though the specimens examined are worn. Moreover, they lack the prominent axial 
costae of the early spire whorls which is so typical of Serratifusus. The radulae and 
opercula of the four species are typical of the family. 

The authorship and type species of Coluzea is in dispute due to an inadvertent 
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appearance of the name in a list prior to the original description, and the settlement 
of this problem will probably be a matter for the International Commission on 
Zoological Nomenclature. Fortunately the existence of this problem does not affect 
the concept of the genus, as both ‘type’ species are very similar in morphology and 
are closely related. 

A detailed treatment of the genus and its species is not contemplated, but a list 
of the New Zealand species proposed by various authors and their time ranges is 
given below. Dr Alan Beu of the New Zealand Geological Survey kindly supplied 
most of the data. More details of the fossil species of Coluzea may be found in 
Finlay 1930, and of the living species in Dell 1956. 

C. maorium (Marshall and Murdoch 1919) Duntroonian (Upper Oligo- 
cene). 

C. dentata (Hutton 1877) Waitakian—Waiauan (Lower—Upper Miocene). 
C. paucispinosa Finlay 1930 Waitakian (Lower Miocene). 

C. macrior Finlay 1930 Awamoan (Lower Miocene). 

C. kiosk Finlay 1930 Altonian—Clifdenian (Middle Miocene). 

C. spectabilis Powell 1931 Kapitean-Waipipian (Upper Miocene-Middle 
Pliocene). 

C. mariae Powell 1952 Waipipian (Middle Pliocene)—Recent. 

C. espinosa Finlay 1930 Nukumaruan (Lower Pleistocene). 

C. spiralis A. Adams, 1856 Castlecliflian (Lower Pleistocene)—Recent. 

C. altocanalis Dell 1956. Recent. 

Coluzea serrata (Deshayes 1825) 

(Fig. 6) 

Fusus serratus Deshayes 1825, Diet. Class. d'Hist. Nat. 7: 89; 1831, Ibid. vol. 17: 119; PI. 80, 
fig. 3; 1835, Coquille Foss. Paris 2: 513; PI. 73, fig. 12-13. 

Fusus unicarinatus I. de C. Sowerby in Dixon 1852, Geology of Sussex p. 104; PI. 7, fig. 25, 
non Deshayes 1825. 

Fusus serratus Deshayes 1865, Desc. Anim . s. Vert, du Bassin de Paris 3: 253; Cossmann 1889, 
A mils. Soc. r. tnalacol. Belg. 24: 178. 

Falisfusus (?) serratus Gradau 1904, Smithson , Misc. Colins. 44 (1417): 84; PI. 1, fig. 9, 10, 14. 
Fusus serratus Cossmann & Pissarro 1911, Icon. Coq. Foss. Eoc. Paris ; PI. 41, fig. 201-4. 

Fusinus serratus Wrigley 1927, Proc. malac. Soc. Lond. 17 (5 & 6): 219. 

Diagnosis: A narrowly elongate Coluzea with early spire whorls costate and 
regularly convex. Adult whorls not costate but cut by a serrate keel and with three 
lirae on the posterior whorl slope and five or six on the anterior whorl slope of the 
body whorl. 

Description: Protoconch small, of about 2i whorls, the first deviated slightly 
from the axis of the shell and swollen, the second smooth, swollen at the midwhorl, 
then flat and merging imperceptibly into the spire whorls which have rather vague 
axial costae. Axial costae prominent from the third whorl but diminish so that they 
are almost obsolete on the final two or three whorls. Juvenile spire whorls convex 
and cancellate. Adult whorls with a prominent serrate keel, a flat posterior whorl 
slope bearing three fine lirae and an anterior whorl slope on the body whorl with 
five or six lirae one of which is present on the spire whorls. Canal long, straight 
and bearing numerous fine spiral threads. 


Dimensions: 


Holotypc 


L 100 

LS — 

HA — 

W — 

Hypotype 

P26535 

46 

33 

9 

13 
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Location of Type: Ecole des Mines, Paris: Holotype; National Museum of 
Victoria: Hypotype P26535, G. P. Deshayes Collection v/1863. 

Type Locality: Parnes, Oise, France. Calcairc Grossier Lutetian. 

Stratigraphic Range: Lutetian-Auversian. Middle Eocene. 

Occurrence: Calcaire Grossier: (Lutetian) Parnes, Grignon, Mouchy, Dam- 
ery; Paris Basin, France. 

Upper Bracklesham beds: (Auversian) Bracklesham, Sussex, England; Stub- 
ington, Hampshire, England. 

Material: One specimen P26535 identified by Deshayes. 

Comments: Dunker (1882, p. 13) has drawn attention to the similarity be¬ 
tween this species and Columbarium pagoda (Lesson), and Briart and Cornet 
(1880) stated that their Fusus heberti belonged in the same group as Fusus serra - 
tus. Grabau (1904, p. 85) after doubtfully referring the species to his genus Falsi- 
fusus pointed out the differences in the protoconch from that of the type species of 
that genus. His description of protoconch and shell is excellent. The overall simi¬ 
larity of shell and protoconch of Fusus serratus to Coluzea dentata (Hutton) is 
striking and this, coupled with its lack of features typical of Columbarium would 
seem to indicate that it is a true Coluzea , and in fact, it is the earliest representative 
of the genus known. 

There is a closely related species in the Lower Oligocene of North Germany, 
Fusus multispiratus von Koenan 1889 (p. 174, PI. 14, fig. 5, 6) which indicates 
that the European lineage of Coluzea was well established before that of New 
Zealand. 

The writer is unable to express an opinion on the correct generic position of 
Fusus unicarinatus Deshayes from the French and English Eocene (Wrigley 1927, 
p. 217) as there are no specimens available for examination. Judging from figures 
this species seems to have affinity with Coluzea serrata. 

Coluzea radialis (Watson 1882) 

(PI. 6, fig. 109-110, 117, 123) 

Fusus (Coins) radialis Watson 1882, J. Linn. Soc. Zoology 16: 382. 

Fusus radialis Watson 1886, Challenger Report Zoology 15 (42): 195; PI. 14, fig. 2. 
Columbarium radiale Barnard 1959, Ann. S. Ajr. Mus. 45 (1): 234; Fig. 52 (a), (b), (e). 

Diagnosis: An elongate Coluzea with a high spire of regularly convex whorls 
cut by a median serrate keel. Posterior whorl slope with two prominent spiral cords, 
but on some specimens there are up to six. Anterior whorl slope of body whorl 
with four to eight spiral cords. 

Description: Shell fusiform with a high spire of regularly convex whorls 
bisected by a keel bearing triangular serrations. Early whorls ribbed axially with 
the ribs fading on about the seventh whorl. Posterior whorl slope with four to six 
prominent spiral cords; anterior whorl slope of spire whorls with one to three cords, 
on body whorl from four to six cords. Aperture semicircular. Canal long and 
straight. Operculum pyriform tapering rapidly to an acute nuclear apex. 


Dimensions: 


Holotype 

BM(NH) 1887.2.9.686 

L 35 

HA 8 

W 15 

Apex eroded 

Hypotype 

SAM A4617 

44 

8-5 

13 5 

Apex eroded 

SAM 6394 

55 

12 

19 

Apex eroded 
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Location of Types: British Museum (Natural History): Holotype BM(NH) 
1887.2.9.686; South African Museum: Hypotype SAM A4617. 

Type Locality: Challenger Station 142, Lat. 35°4'S.; Long. 18°37'E. off the 
Cape of Good Hope, South Africa, 150 fathoms. 

Occurrence: Type locality and environs. 

Material: Four specimens SAM A4617, A4616, A6394. 

Comments: Of the four specimens examined none had the apex preserved. 
However Barnard (1959, p. 234) has given a description and figure which matches 
the protoconch of Coluzea angularis (Barnard) which the author has examined. As 
originally stated by Watson this species bears a considerable resemblance to Colu¬ 
zea spiralis (A. Adams) but apart from the difference in the protoconch the latter 
has no axial ribs on the early whorls as in C. radialis. 


Coluzea angularis (Barnard 1959) 

(PI. 6, fig. 125, 127, 129, 131; Fig. 22) 

Columbarium angulare Barnard 1959, Ann. S. Afr. Mus. 45 (1): 235; Fig. 52 (c). 

Diagnosis: An elongate Coluzea with a gradate spire of shouldered whorls. 
Keel scarcely developed and bearing pointed nodules formed by short axial ribs 
crossing the keel. Spiral sculpture variable in degree of development, consisting of 
up to five fine lirae on the posterior whorl slope and from four to eight on the 
anterior slope of the body whorl of which two or three are often more strongly 
developed. 

Description: Shell elongate, subfusiform with a gradate spire of shouldered 
whorls cut by a median nodulose keel. Protoconch of li to 2 whorls, first whorl 
deviated. Beginning of adult whorls marked by two or three incipient axial ribs and 
the development of a keel. Axial ribs on later adult whorls stronger and forming 
pointed nodules where they cross the keel. Posterior whorl slope concave bearing 
up to five fine lirae. Anterior whorl slope of body whorl regularly convex with four 
to eight lirae of which two or three are generally better developed. Aperture sub- 
rectangular, inner lip covered only with a thin glaze. Canal long and twisted. 


Dimensions: 


Holotype SAM A4608 

L 51 

LS 28 

HA 9 

W 12 5 

Apex missing 

Hypotype SAM A4609 

34 

21 

5-5 

10 



Location of Types: South African Museum: Holotype SAM A4608, Hypo- 
type SAM A4609, both from Pieter Faure Collection; British Museum (Natural 
History): Paratype 1962285. 

Type Locality: Off Cape Point, South Africa 720-900 fathoms. 

Occurrence: Type locality only. 

Material: Holotype and two topotypes SAM A3608-3610. 

Comments: This species is quite different in appearance from all others of the 
genus apart from Coluzea rotunda (Barnard). However the early spire whorls are 
very similar to those of C. radialis (Watson). 
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Coluzea rotunda (Barnard 1959) 

(PI. 6, fig. 126, 130) 

Columbarium rotundum Barnard 1959, Ann. S. Afr. Mils. 45 (1): 236; Fig. 52 (d). 

Diagnosis: A fusiform Coluzea with strong axial ribs and no keel. Posterior 
whorl slope slightly concave so that the whorls are scarcely shouldered. Posterior 
whorl slope bearing about eight irregularly spaced fine spiral threads of varying 
strength. Anterior whorl slope with three or four spiral cords and numerous finer 
lirae. 

Description: Shell with early whorls shouldered and bearing strong axial 
costae which together with the shoulder diminish in strength on the body whorl. 
Posterior whorl slope slightly concave on the spire whorls but becoming convex on 
the body whorl so that this is almost regularly convex. Posterior whorl slope of 
body whorl with up to eight irregularly spaced fine threads. Anterior whorl slope 
with three or four spiral cords and numerous finer lirae which persist on the canal. 
Aperture subcircular. Inner lip covered with a thin glaze. Canal short and twisted. 


Dimensions: 


Holotype SAM A4592 
Hypotype SAM 

SAM A4607 


L 75 

LS — 

HA — 

W 25 

64 

40 

13 5 

19-5 

. 69 

43 

13 5 

20 


Apex missing 
Apex missing 


Location of Types: South African Museum: Holotype SAM A4592, Pieter 
Faure Collection; Hypotype. British Museum (Natural History): Paratype 1962 
286. 

Type Locality: Off Cape Point, South Africa. 250-760 fathoms. 

Occurrence: Type locality only. 

Material: Hypotype and three topotypes. 

Comments: It is possible that a good series of specimens would show that this 
species is not distinct from Coluzea angularis (Barnard). The early spire whorls are 
similar, the sculpture is similar and the distinguishing feature viz. the tumid, regu¬ 
larly convex body whorl, seems to be variable in both species. 

Coluzea cingulata (Martens 1901) 

(PL 6, fig. 106, 116; Fig. 18) 

Columbarium cingulatum Martens 1901, Sbcr. Ges. naturf . Freunde Berl. for 1901, p. 20; 

Martens 1903, Deutsche Tiefsee-Expcdition 1898-99 , 7 (1): 93; PI. 2, fig. 8; Thiele 1925, 

Ibid. 17 (2): 167; PI. 46, fig. 24. 

Diagnosis: An elongate Coluzea with a prominent median double keel on the 
angular spire whorls. Posterior whorl slope of body whorl concave with a single 
prominent lira and a fine thread posterior to it. Anterior whorl slope of body whorl 
concave beneath the keel, then convex with several fine spiral threads and two or 
three more prominent lirae which are also present on the canal. 

Description: A fusiform shell with a rectangular whorl profile. Protoconch 
and early whorls a little eroded, but similar to Coluzea angularis. Early whorls with 
a median keel crossed by radial ribs which form sharp nodules at their crossing of 
the keel. Posterior whorl slope of early whorls with a prominent lira which becomes 
stronger and forms a second posterior keel on the fifth whorl and which continues 
on the body whorl where the anterior keel decreases in prominence towards the 
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aperture. Double keel somewhat undulose on the fifth to eighth whorls where it is 
crossed by radial ribs; these undulations fade on the body whorl. Posterior whorl 
slope concave with a single lira and a fine spiral thread near the suture. Anterior 
whorl slope with several fine spiral threads anterior to the keel and with two or 
three coarser lirae which continue on to the canal. Aperture subrectangular. Inner 
lip covered with a thin glaze. Canal long, very slightly twisted. Operculum pyriform 
with an apical nucleus. 


Dimensions: 


Holotype 61029 


L 54 


LS 28 


HA 7 5 


W 14 


Location of Type: Institut fur Spezielle Zoologie und Zoologisches Museum 
der Humboldt-Universitat zu Berlin: Holotype No. 61029. 

Type Locality: Valdivia Station 246 Pemba Channel 2.3.1899. Long. 5°24' 
S.; Lat. 39°19'E. 818 metres. Tanzania, East Africa. 

Occurrence: Type locality. 

Material: Holotype, the only specimen known. 

Comments: The early whorls are very similar to those of Coluzea angularis 
(Barnard) and C. radialis (Watson), but the double keel and angular appearance 
of the spire whorls are unique in the genus. 
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Fig. 1-24—(1) Histricosceptrum atlantis (Clench and Aguayo), MCZ 135170; (2) 
Histricosceptrum canaliculatum (Martens), IZMHUB 61028; (3) Columbarium heberti 
(Briart and Comet), IRSNB 5333; (4) Fulgurojusus quercollis (Harris), ANSP 9019; 

(5) Fulgurojusus bermudezi (Clench and Aguayo), MCZ 135008; (6) Coluzea scrrata 
(Deshayes), P26535; (7) Coluzea dentata (Hutton), DM M9294, Pukeuri, New Zeal¬ 
and; (8) Columbarium hedleyi Iredale, NMV F27080, X 200; (9) Columbarium 
heberti (Briart and Cornet), IRSNB 5333, Mons (Puits Coppce); (10) Columbarium 
natalense Tomlin, SAM A3497; (11) Coluzea mariae Powell, DM Ml 1274; (12) 
Hispidojusus senticosus (Tate), P26459; (13) Coluzea spiralis (A. Adams), DM 
M2522; (14) Columbarium rugatum Aldrich, ANSP 9018; (15) Columbarium spini- 
cinctum (Martens), NMV F26251; (16) Hispidojusus piscatarius sp. nov. P26453; (17) 
Columbarium cochlcatum (Tate), P26396; (18) Coluzae cingulata (Martens), IZMHUB 
61029; (19) Columbarium pagodoides (Watson), AM C2965; (20) Columbarium 
jormosissimum Tomlin, SAM A3500; (21) Serratijusus craspedotus (Tate), P26487; 
(22) Coluzea angularis Barnard, SAM A4609; (23) Columbarium pagoda (Lesson), 
NMV F27195; (24) Serratijusus (?) youngi (Chapman), P13246. 

[Sources of material figured, here indicated by initials, are stated fully in text.] 
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Appendix furnished by V. A. Gostin 

Details* of Section 8B Near the Mouth of Grices Creek 
See map in Gostin 1966, p. 467 
Top of section obscured by beach sand. 

Concretions. 

3 feet clayey silt often partially obscured by sand. 

Prominent layer of limestone concretions. 

(a) 3 feet clayey silt. 

Concretions. 

(b) 11 feet clayey silt, fence situated 2 feet above concretion at the base of this bed. 

Prominent layer of concretions. 

(c) 4 feet clayey silt. 

Concretions. 

(d) 6 feet clayey silt. 

Prominent layer of concretions. 

(e) 10 feet clayey silt. 

(f) 10 feet clayey silt. 

Base of section obscured by soil and debris. 

* From Field Notes only. Base and top of section are obscured, and beds have been 
informally lettered. 
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Explanation of Plates 

Fig. 2-3, 5-9, 11-14, 18, 20-23, 25-27, 29, 32-33, 35, 37, 39-48, 50-57, 60, 66-68, 72, 75, 78-97, 
99-102, 104-106, 108-111, 113-116, 118-122, 124-126, 128, 130-131, are from photo¬ 
graphs by Mr Frank Guy. Fig. 10, 15-17, 24 are from United States National 
Museum, photographs. Fig. 4, 19, 28 are from Faculte Polytechnique de Mons photo¬ 
graphs. Fig. 1, 30-31, 38, 49, 98, 103 are from Adelaide University Geology Depart¬ 
ment photographs. Fig. 34-36 are from Museum d’Histoire Naturelle, Geneva 
photographs. 

Fig. 58, 64 are from Manchester Museum photographs. Fig. 59, 63, 65, 69-71 are 
from Australian Museum photographs. Fig. 61-62 are from Dominion Museum 
photographs. Fig. 73, 77 are from Auckland Institute and Museum photographs. 
Fig. 74, 76, 107, 112, 117, 123, 127, 129 are from British Museum (Natural History) 
photographs. 

Plate 2 

Fig. 1— Hispidofusus senticosus (Tate), T485A, holotype. Fossil Beach, Mornington, Viet., 
X 2. . 

Fig. 2— Hispidofusus piscatorius sp. nov., P26455, paratype, Curlewis, Viet., X li. 

Fig. 3— Hispidofusus piscatorius sp. nov., P26453, holotype, Fischers Point, Aire R., Viet., 
X li. 

Fig. 4— Columbarium heberti (Briart and Cornet), lectoparatype, Mons, Belgium, X 1. 

Fig. 5— Hispidofusus piscatorius sp. nov., P26453, holotype, X li. 

Fig. 6-7— Hispidofusus senticosus (Tate), P26458, hypotype, Fossil Beach, Mornington, Viet., 
X H. 

Fig. 8— Serratifusus bovarius sp. nov., P26485, holotype, Ampitheatre. Leigh R., Viet., Xl. 

Fig. 9— Hispidofusus senticosus (Tate), P26459, hypotype, Fossil Beach, Mornington, Viet., 
X 2. 

Fig. 10— Columbarium rugatum (Aldrich), USNM 645889, hypotype, Greggs Landing, Ala¬ 
bama, U.S.A., showing anterior carina and keel; note growth lines arched towards 
the aperture and raised into scales on the carina, X 3. 

Fig. 11— Serratifusus bovarius sp. nov., P26485, holotype, X 1. 

Fig. 12-13— Serratifusus bovarius sp. nov., P26484, paratype, Curlewis, Viet., X 1. 

Fig. 14— Hispidofusus senticosus (Tate), P26459, hypotype, X 2. 

Fig. 15— Columbarium rugatum (Aldrich), USNM 638758, holotype, Greggs Landing, Ala¬ 
bama, U.S.A., X li. 

Fig. 16— Fulgurofusus quercollis (Harris), USNM 645888, hypotype. Rosebud P.O., Alabama, 
U.S.A., X 4. 

Fig. 17— Fulgurofusus quercollis (Harris), USNM 645887, hypotype, Mathews Landing, Ala¬ 
bama, U.S.A., X 3. 

Fj g> is —Fulgurofusus quercollis (Harris), ANSP 9019, hypotype, Graveyard Hill, Alabama, 
U.S.A., X 2. 

Fi g> 19 —Columbarium heberti (Briart and Cornet), lectotype, Mons, Belgium, X 1. 

Fig. 20— Columbarium heberti , IRSNB 3309, hypotype, Mesvin-Bclian, Belgium, X 1. 

Fig. 21— Columbarium heberti , lectoparatype of Fusus bicinctus Kaunhowcn, Maastricht, 
Netherlands, X 1. 

Fig. 22-23— Columbarium spinicinctum (von Martens), IZMHUB 26677, holotype, off Cape 
Moreton, Qld., X 1. 

Fig. 2 4—Columbarium rugatum (Aldrich), USNM 645889, hypotype, X li. 

Fig. 25— Columbarium rugatum (Aldrich), ANSP 6869, hypotype, Greggs Landing, Alabama, 
USA, X L 

Fig. 26— Columbarium heberti , lectotype of Fusus bicinctus Kaunhowen, Netherlands, X 1, 
XL _ 

Fig. 27— Columbarium heberti , lectoparatype of Fusus bicinctus Kaunhowen, Maastricht, 
Netherlands, X L 

Fig. 28— Columbarium heberti, lectotype, X 3. 

Plate 3 

Fig. 29— Columbarium calcaratum sp. nov., P26461, holotype, Point Flinders, Viet., X 1. 

Fig. 30— Columbarium cochleatum (Tate), T 484B, holotype, Aldinga, S.A., X 1. 

Fig. 31— Columbarium spinulatum Cossmann, T 476B, holotype, R. Murray 4 miles below 
Morgan, S.A., X 1. 

Fig. 32— Columbarium acanthostephes vulsum subsp. nov., P26477, paratype, Manyung Rocks, 
Viet., X L 
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33— Columbarium calcaratum sp. nov., P26463, paratype, Point Flinders, Viet., X 1. 

34 — Columbarium pagoda (Lesson), MHNG 1108/7, holotype, ? (Japan), X 1. 

35 — Columbarium acanthosteplies vulsum subsp. nov., P26477, paratype, X 1. 

3 6 — Co l urn barium pagoda (Lesson), MHNG 1108/7, holotype, X 1. 

37— — Columbarium uniiiratum sp. nov., P26464, holotype, Bird Rock cliffs, Viet., X li* 

38— Columbarium cochlcatum (Tate), T 484C, hypotype, Aldinga, S.A., X L 

39— Columbarium calcaratum sp. nov., P26461, holotype, X L 

40 _ Columbarium acanthostephes vulsum subsp. nov., P26475, holotype, Grices Creek, 

yict. x 1. 

41 _ Columbarium acanthostephes echinatum subsp. nov., P26470, paratype, Fossil Bluff, 

T as ^ 1 . 

42— Columbarium uniiiratum sp. nov., P26464, holotype, X H* 

43 — Columbarium uniiiratum sp. nov., P26466, paratype, Bird Rock cliffs, Viet., X 1. 

44 — Columbarium acanthostephes echinatum subsp. nov., P26470, paratype, XL 

45 — Columbarium uniiiratum sp. nov., P26465, paratype, Bird Rock cliffs, Viet., X 1. 

46— Columbarium acanthostephes vulsum subsp. nov., P26475, holotype, XL 

47 — Columbarium acanthostephes acanthostephes (Tate), P26449, hypotype, Fossil 
Beach, Viet, X L 

48— Columbarium cochleatum (Tate), SA P6495, hypotype, Aldinga, X H* 

49— Columbarium acanthostephes acanthostephes (Tate), T 474A, holotype, Fossil 
Beach, Viet., X L 

50— Columbarium cochleatum (Tate), SA P6495, hypotype, X li* 

51 — Columbarium acanthostephes acanthostephes (Tate), P26449, hypotype, X L 

52— Columbarium spinulatum Cossmann, P26473, hypotype, R. Murray 4 miles below 
Morgan, S.A., XL 

53— Columbarium acanthostephes echinatum subsp. nov., P26468, holotype, Fossil Bluff, 

T ^ 1 . 

54.55 — Columbarium spinulatum Cossmann, P26472, hypotype, R. Murray 4 miles below 
Morgan, S.A., X L 

56— Columbarium acanthostephes echinatum subsp. nov., P26468, holotype, X L 

57— Columbarium spinulatum Cossmann, P26473, hypotype, X L 


Plate 4 


pjg. 58 —Columbarium distephanotis Melvill, MM EE 3651, holotype, Torres Strait, X 3. 

Fig. 59 —Columbarium spinicinctum (Martens), AM C64800, holotype of C. caragarang Gar¬ 
rard, off Cape Morton, Qld., XL 

Pig. 60 —Columbarium natalense Tomlin, SAM A3497, holotype, off Cape Natal, South Africa, 


X L 

Fig. 61-62 —Columbarium veridicum Dell, Ml6274, holotype, off Poor Knights Is., N.Z., X i* 

Pig. 63 —Columbarium spinicinctum (Martens), AM C64800, holotype, of C. caragarang 
Garrard, X L 

p,*g. 64 —Columbarium distephanotis Melvill, MM EE 3651, holotype, X 3. 

Fig. 65—Columbarium hedleyi Iredale, AM C60675, holotype of C. trabeatum Iredale, off 
Sydney, N.S.W., X 2. 

Fig. 66 —Columbarium spinicinctum (Martens), NMVF 26251, hypotype, off Cape Moreton, 
Q!d., Xl* 

Fig. 67 —Columbarium formosissimum Tomlin, SAM A3500, paratype, off Cape St Blaize, 
S. Africa, X L 

Fig. 68— Columbarium spinicinctum (Martens). NMVF 26251, hypotype, X L 

Fig. 69 —Columbarium hedleyi Iredale, AM C67025, holotype, off Sydney, N.S.W., X L 

Fig. 70 —Columbarium hedleyi ,, AM C60675, holotype of C. trabeatum Iredale, X 2. 

Fig. 71 —Columbarium hedleyi , AM C67025, holotype, X 1. 

Fig. 72 —Columbarium hedleyi , NMV F27079, hypotype, off Botany Bay, N.S.W., XL 

Fig. 73 —Columbarium (?) vulneratum (Finlay and Marwick), AIM TM/329, holotype, 
Boulder Hill, N.Z., X li* 

Fig. 74 —Columbarium pagodoides (Watson), BM(NH) 1887.2.9.688, lectotype, off Sydney, 
N.S.W., X 1L 


Fig. 75 —Columbarium formosissimum Tomlin, SAM A3500, paratype, X L 

Fig. 76 —Columbarium pagodoides { Watson), BM(NH) 1887.2.9.688, lectotype, X li* 

Fig. 77 —Columbarium (?) vulneratum (Finlay and Marwick), AIM TM/329, holotype, X li- 
Fig. 78 —Columbarium hedleyi Iredale, NMV F27079, hypotype, X L 
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Plate 5 

Fig. 79 —Serratifusus clydoniatus sp. nov., P26491, holotypc, Murgheboluc, Viet., X 1. 

Fig. 80— Serratifusus squamulatus sp. nov., P26503, holotype, Manyung Rocks, Viet., X 1. 

Fig! 81— Serratifusus squamulatus sp. nov., P26505, paratype, Manyung Rocks, Viet., X 1. 

Fig. 82— Serratifusus stellatus sp. nov., P26499, holotypc, Grices Creek, Viet., X 1. 

Fig. 83— Serratifusus squamulatus sp. nov., P26505, paratype, X 1. 

Fig 84— Serratifusus scabrosus sp. nov., P26481, paratype, Fischers Point, Viet., X 1. 

Fig. 85— Serratifusus foliaceus (Tate), P26489, hypotype, Fossil Beach, Viet., X 1- 
Fig. 86 — Serratifusus stellatus sp. nov., P26499, holotype, X 1. ^ 4 , 

Fig. 87— Serratifusus clydoniatus sp. nov., P26494, paratype, Murgheboluc 2B, Viet., X I. 

Fig. 88-89— Serratifusus (?) youngi (Chapman), PI3246, holotype, Curlewis, Viet., X 2. 

Fig. 90— Serratifusus clydoniatus sp. nov., P26491, holotype, X 1. 

Fig. 91— Serratifusus squamulatus sp. nov., P26503, holotype, X 1. 

Fig. 92— Serratifusus foliaceus (Tate), P26489, hypotype, X 1. 

Fig. 93— Serratifusus stellatus sp. nov., P26501, paratype, Grices Creek, Viet., XI. 

Fig. 94-95— Serratifusus archimedes sp. nov., P26497. paratype, Grices Creek, Viet., X 1. 

Fig. 96-97— Serratifusus archimedes sp. nov., P26496, holotype, Grices Creek, Viet., X 1. 

Fig. 98— Serratifusus foliaceus (Tate), T 486A, holotype, Muddy Creek, Viet., X 1. 

Fig. 99— Serratifusus clydoniatus sp. nov., P26492, paratype, Murgheboluc 4a, Viet., XT 
Fig. 100— Serratifusus scabrosus sp. nov. (?), P26483, figured specimen, Fossil Bluff, Tas. f 
X 1. 

Fig. 101— Serratifusus scabrosus sp. nov., P26480, holotype, Fischers Point, Viet., X 1. 

Fig. 102— Serratifusus craspedotus (Tate), P26487, hypotype, Fossil Beach, Viet., X 1. 

Fig. 103— Serratifusus craspedotus (Tate), T 466A, holotype. Muddy Creek, Viet., X 1. 

Fig. 104— Serratifusus craspedotus (Tate), P26487, hypotype, X 1. 

Fig. 105— Serratifusus scabrosus sp. nov., P26480, holotype, X 1. 
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Plate 6 

106— Coluzea cingulata (Martens), IZMHUB 61029, holotype, Pemba Channel, E. 
Africa ^ i^ 

107— Fulgurofusus sarissophorus (Watson), BM(NH) 1887.2.9.687, holotype, off Per¬ 
nambuco, Brazil, X li. __ , _ „ .. .. 

108— Histricosceptrum canaliculatum (Martens), IZMHUB 61028, holotype, off Zanzibar, 

E. Africa, X If. ^ 

109 — 1 10 — Coluzea radialis (Watson), SAM A4617, hypotype, off the Cape of Good Hope, 
S Africa x 1 • 

HI— Histricosceptrum canaliculatum (Martens), IZMHUB 61028, holotype, X 1$. 

112 — Fulgurofusus sarissophorus (Watson), BM(NH) 1887.2.9.687, holotype, X It. 

113 _ Fulgurofusus brayi (Clench), MCZ 221602, paratype, off Cabo Codera, Venezuela, 

X li. 

114 _ Fulgurofusus sp., NZOI E749/TAM, figured specimen, off Castle Point, New 

11 5-^F^ihiu-ofusus brayi (Clench), MCZ 221602, paratype, X H. 

115 —Coluzea cingulata (Martens), IZMHUB 61029, holotype, X 1. . 

117 _ Coluzea radialis (Watson), BM(NH) 1887.2.9.686, holotype, off the Cape of Good 

1 \S^Fulg3ofi^sunbenthocallis (Melvill and Standen), RSM 1921.14.3.673, holotype, off 

119 — ^^ricosceptrm^at%rdis (Clench and Aguayo), MCZ 135170, hypotype, off Matan- 

120- V21—Fulgurofusus bermudezi (Clench and Aguayo), MCZ 135008, paratype, off 

122— Histricosceptrum atlantis (Clench and Aguayo), MCZ 135170, hypotype, X 2. 

123— Coluzea radialis (Watson), BM(NH) 1887.2.9.686, holotype, XI. 



m—Coluzea angularis (Barnard), BM(NH) 1962.285, paratype, off Cape Point, S. 
i\frics v | 

128— Fulgurofusus bermudezi (Clench and Aguayo), MCZ 135169, hypotype, off Punta 

129— Coluzea angularis (Barnard), BM(NH) 1962.285, paratype, X 1. 

130— Coluzea rotunda (Barnard), SAM A4592, holotype, X 1- 

131 — Coluzea angularis (Barnard), SAM A4608, holotype, X 1. 
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Addendum 1 


Since the above was written further collecting in the Princetown-Port Campbell 
area has added to our knowledge of the distribution of several species present in the 
Gellibrand clay. Three distinct assemblages have been distinguished ranging from 
Batesfordian to Bairnsdalian. The localities and the columbariids found to date are 
as follow. 

Batesfordian: Cutting on Bornong Rd (= Steens Rd), top of hill 13 miles 
N. of Cooriemungle Rd, Grid Ref. Princetown A 982,485. 

Serratifusus bovarius sp. nov. 

Hispidofusus piscatorius sp. nov. 

Columbarium acanthostephes echinatum sp. nov. with posteriorly directed 
keel spikes. 

Cutting on Great Ocean Road i mile N. of Princetown, Grid Ref. Princetown 
B 053,286. 

Serratifusus bovarius sp. nov. 

Balcombian: Cliff section 2 1 miles NW. of Point Ronald, Grid Ref. Prince¬ 
town B 027,2915. 

Columbarium acanthostephes acanthostephes (Tate) 

Hispidofusus senticosus (Tate) 

Serratifusus foliaceus (Tate) 

Serratifusus craspedotus (Tate) 

Cliff section SE. end of Gibson Beach, Grid Ref. Princetown B 025,295. 
Columbarium acanthostephes acanthostephes (Tate) 

Serratifusus foliaceus (Tate) 

Hispidofusus senticosus (Tate) 

Cutting on Cooriemungle Rd, immediately S. of junction with Guy’s Rd, Grid 
Ref. Princetown A 038,473. 

Serratifusus craspedotus (Tate) 

Serratifusus foliaceus (Tate) 

Cutting on bend in Waare Rd opposite old house N. of Waare, Grid Ref. Prince¬ 
town A 948,412. 

Serratifusus foliaceus (Tate) 

Serratifusus craspedotus (Tate) 

Hispidofusus sp. 

Cutting on Great Ocean Rd 1 i miles NE. of Princetown, Grid Ref. Princetown 
B 063 5 ,297. 

Serratifusus foliaceus (Tate) 

Hispidofusus sp. 

Bairnsdalian: Cliff section NW. end of Gibson Beach, Grid Ref. Princetown 
B 022,298. 

Columbarium acanthostephes vulsum sp. nov. 

Hispidofusus senticosus (Tate) 

Serratifusus stellatus sp. nov. 

Clay immediately beneath limestone in cutting on track to V. A. L. quarry, 
Curdies, Panmure 871,589. 

Columbarium acanthostephes vulsum sp. nov. 

Serratifusus stellatus sp. nov. 

Serratifusus squamulatus sp. nov. f 
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Addendum 2 

Whilst this paper was at the proof stage Mr P. A. Maxwell, New Zealand 
Geological Survey, Christchurch sent the author a photograph of a columbariid 
collected by him and the author at Hampden Beach, N.E. Otago, New Zealand, 
from strata of Bortomian (Middle Eocene) age. This species seems to be a Colum¬ 
barium , in shape somewhat like Fulgurofusus brayi but axially and spirally sculp¬ 
tured as in Columbarium heberti. 


List of 

acanthostephes, Columbarium , 79 
angularis, Coluzea, 107 
archimedes , Serratifusus, 96 
atlantis, Histricosceptrum , 88 
bartletti, Histricosceptrum, 88 
benthocallis, Fulgurofusus, 103 
bermudezi, Fulgurofusus, 101 
bicinctus, Fusus, 72 
bovarius, Serratifusus, 91 
brayi, Fulgurofusus, 102 
calcaratum, Columbarium , 75 
canaliculatum, Histricosceptrum, 89 
caragarang, Columbarium, 84 
cingulata, Coluzea , 108 
clydoniatus, Serratifusus, 95 
cochleatum, Columbarium, 74 
Columbarium , 71 
Coluzea, 104 

costatum, Columbarium , 86, 
craspedotus, Serratifusus , 92 
danicus, Fusus , 71 
diadema, Fusus , 86 
distephanotis. Columbarium , 85 
echinatum, Columbarium, 77 
foliaceus, Serratifusus , 94 
formosissimum, Columbarium , 82 
Fulgurofusus , 99 
heberti, Columbarium , 72 
hedleyi, Columbarium , 81 
Hispidofusus , 67 
Histricosceptrum , 87 
japonicus, Fusus , 86 


Genera and Species 

kaunhoweni, Coins (?), 72 
merriami, Fulgurofusus, 100 
multispiratus, Fusus, 106 
natalease, Columbarium, 83 
padoga, Columbarium, 86 
pagodoides, Columbarium, 81 
piscatorius, Hispidofusus, 68 
quercollis, Fulgurofusus, 99 
radialis, Coluzea, 106 
rot undata, Coluzea , 108 
rugatum. Columbarium, 73 
sarissophorus, Fulgurofusus, 102 
scabrosus, Serratifusus, 90 
senticosus, Hispidofusus, 70 
Serratifusus, 89 
serrata, Coluzea, 105 
spinicinctum , Columbarium, 84 
spinulatum. Columbarium, 78 
spiralis, Coluzea , 104 
squamulatus, Serratifusus, 98 
s tell are. Columbarium, 86 
stellatus, Serratifusus , 97 
stellatum, Columbarium, 86 
trabeatum, Columbarium, 81 
unicarinatus, Fusus, 106 
unilira turn, Columbarium, 76 
veridicum, Columbarium, 85 
vulneratum, Columbarium (?), 73 
vulsum. Columbarium , 80 
washingtonianus, Fulgurofusus, 100 
youngi, Serratifusus, 92 
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Lower Devonian Ostracodes: 

Revision of Species Described by Chapman (1904) from the 
Lilydale Limestone, Victoria 

By E. C. Willey 

Department of Geology, University of New England, Armidale, N.S.W., 2351. 

Abstract 

The ostracode types described by Chapman (1904) from the Lilydale Limestone are 
revised. One generic and twenty-five specific identifications are reduced to five named species 
(two of which are new) and five un-named species. One specimen is compared with Para- 
parchites devonicus (Pribyl) 1955. Nine specimens are poorly preserved and were not con¬ 
sidered suitable for further treatment. Aechmina jonesi Chapman is based on an oolith. 

Introduction 

In 1904, Chapman described ostracode species collected from the Lilydale 
Limestone, which was then known as the Cave Hill Limestone. Chapman assigned 
his specimens to 25 species, seven of which were new. Another specimen was 
identified only generically. 

Different authors at different times have assigned the Lilydale Limestone to 
ages ranging from Middle Silurian to Middle Devonian. Recently it has been 
assigned to an early Siegenian age on the basis of conodonts and corals (Philip & 
Pedder 1967). Chapman’s description of the ostracodes was made at a time when 
the Lilydale Limestone was held to be of Silurian age. Consequently Chapman 
identified his specimens chiefly with Silurian species, but other of his identifications 
ranged from Ordovician to Lower Carboniferous (Chapman 1904, p. 298). 

Chapman in his figures added sulci to the drawing of many of his specimens, 
when only one is actually sulcate. His orientation of specimens was also mis¬ 
leading, but this is not surprising when the generally confused state of orientation 
of ostracodes at the time of his writing is considered. 

A revision of these types is necessary to any understanding of Australian Lower 
Devonian ostracodes. To this end. Chapman’s collection of Lilydale ostracodes was 
obtained on loan from the National Museum of Victoria, Melbourne. Thanks are 
due to T. A. Darragh (Curator of Fossils) and the Trustees of the National 
Museum of Victoria for permitting the loan. 

Ostracodes obtained from samples collected at Lilydale by the author in 
January 1967 and by A. E. H. Pedder in 1964 yielded further specimens of the 
species represented in Chapman’s collection, as well as several forms which are 
new. Since the scope of this paper is a revision of Chapman’s types and the 
supporting specimens, descriptions of the new forms will wait till a later date. 

The preservation of ostracodes in the Lilydale Limestone is chiefly in the form 
of internal moulds. This is the case in Chapman’s collection as well as the 
supplementary specimens. This type of preservation lends itself admirably to the 
extraction of ostracodes from the rock by crushing. 
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Chapman’s collection consists of 30 specimens (all but two consisting of 
associated valves or internal moulds of associated valves) and one oolith—the 
specimen which Chapman named Aechmina jonesi (NMV P5411). Nine specimens 
are so damaged or poorly preserved that they are not diagnostic and consequently 
do not warrant further consideration. These are NMV P1219, P5395, P5396, 
P5406-P5410 and P5418. Of the remaining forms, three of Chapman’s species 
remain viable and two new species are erected on types misidentified by Chapman. 
One is compared with Paraparchites devonicus (Pribyl) 1955. Five specimens, 
which were also misidentified by Chapman, possibly form bases for five new 
species, but none has been named. Two of Chapman’s specimens—NMV P5390 
and P5394—are compared with Bairdiocypris subtrigonalis (Chapman), and 
Paraparchites cf. devonicus (Pribyl) respectively. One specimen—NMV P5402— 
is a palaeocopid, possibly a member of the Family Aparchitidae. A summary of 
the revision is given in Table 1. 


Table 1 

Summary of Chapman's identification (1904) of Lily dale ostracodes with identifications made 

in this revision. (* = Holotypes) 


Specimen 

No. 


NMVP1219 

NMV P5390 

NMV P5391 
NMVP5392 
NMV P5393 
NMV P5394 

NMV P5395 
NMV P5396 
NMV P5397 
NMVP5398 
NMV P5399 
NMV P5400 

NMV P5401 
NMV P5402 
NMV P5403 
NMV P5404 
NMV P5405 
NMV P5406 
NMV P5407 
NMV P5408 
NMV P5409 
NMV P54IO 
NMV P5411 
NMV P5412 
NMVP5413 
NMVP5414 
NMV P5415 
NMV P5416 
NMV P5417 
NMVP5418 
NMV P5419 


Chapman (1904) 


Identification 


Page, plate & 
figure 


This Paper 


Cyprosina sp. 

Isochilina labrosa Jones, 1889 


312; XVI, 4 & 
XVII, 1 

299; XVI, 3a, b 


Aparchites subovatus Jones, 1893 
Primitia trigonalis Jones & Holl, 1865 
Primitia subtrigonalis sp. nov. 
Primitia puntata Jones, 1887 


299; XIV, lOa-c 
300; XV. 8a-c 
301; XIII, la-c 
301; XIII, 2a-c 


Primitia semicultrata sp. nov. 

Primitia (?) matutina Jones & Holl, 1865 
Primitia reticristata Jones, 1887 
Primitia (cf.) obsoleta Jones & Holl, 1865 
Primitia hath sp. nov. 

Primitia elongata Krause var. nuda Jones, 
1893 


301; XIII. 4a-c 
302; XIII, 5a, b 
303; XIII, 7a, b 
303; XIII, 8a-c 
304; XIV, 2a-c 
304; XIV, 3a-c 


poorly preserved 

Cf. Bairdiocypris subtrigonalis 
(Chapman) 

Lepcrditia (?) sp. I 
Bairdiocypris sp. I 

• Bairdiocypris subtrigonalis (Chapman 
Cf. Paraparchites 

Cf. devonicus (Prybl) 

poorly preserved 

poorly preserved 

Primitia (?) unlumbonata n. sp. 

Paraparchites sp. I 

• Bairdiocypris (?) halli (Chapman) 
Leperditia (?) sp. 1 


Primitia paucipunctata Jones & Holl, 1865 
Primitia paucipunctata Jones & Holl, 1865 
Primitia striata Krause, 1891 
Primitia semicircular is Jones & Holl, 1865 
Primitia unicornis (Ulrich) 1879 
Xestoleberis holliana sp. nov. 

Xestoleberis lilydalensix sp nov. 
Xestoleberis ti/ydalensis sp. nov. 
Xestoleberis Utydalensis sp. nov. 
Xestoleberis wrtghti Jones var. oblonga nov. 
Aechmina jonesi sp. nov. 

Argilloecia acuta Jones & Kirkby, 1895 
Alacrocypris Jlexuosa sp. nov. 

Macrocypris (cf.) vinei Jones, 1887 
Bythocypris holli Jones, 1887 
Bythocypris hold Jones, 1887 
Bythocypris holli Jones, 1887 
Bythocypris caudalis Jones, 1889 
Bythocypris phascolus var. elongata Jones, 
1889 


305; XIV, 4a-c 
305; XV, 2a-c 
305; XV, 3a-c 
306; XV, 4a-c 
306; XV, 6a, b 
306; XIII, 3a-c 
307; XIV, 8a, b 
307; XIV, la-c 
307; XIV, 5a-c 
308; XV, la, b 
308; XIV, 1 la, b 
309; XIV, 6a-c 
309; XIII, 6a, b 
310; XIV, 7a-c 
310; XVI, 2a-c 
310; XVI, la-c 
310; XIV, 9a, b 
311; XV, 7a-c 
311; XV, 5a, b 


Paraparchites Cf. devonicus (Prybl) 

Cf. Family Aparchitidae 

Microcheilinella lilydalensis n. sp. 

Bairdiocypris subtrigonalis (Chapman 

Bairdiocypris sp. I 

poorly preserved 

poorly preserved 

poorly preserved 

poorly preserved 

poorly preserved 

oolith 

Canulenidea (?) sp. I 
* Bairdia jlexuosa (Chapman) 

Bairdia Jlexuosa (Chapman) 
Bairdiocypris subtrigonalis (Chapman 
Bairdiocypris subtrigonalis (Chapman) 
Bairdiocypris sp. I 
poorly preserved 
Bairdiocypris sp. II 


As yet no stratigraphical collection has been made from the Lilydale Lime¬ 
stone to establish whether or not a sequence of ostracode faunas exists. Until this 
is done and the remainder of the ostracodes are described, it seems preferable to 
defer any discussion of their stratigraphical significance. 
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In the synonymies given in the systematic section of this paper, references to 
Chapman’s (1904) paper have been reduced to page, plate and figure numbers. 
All specimens dealt with are from the Lilydale Limestone. 

Specimens prefixed by ‘NMV P’ are from the fossil collection of the National 
Museum of Victoria, Melbourne. Those prefixed by ‘UNE F’ are lodged in the 
Department of Geology, University of New England, Armidale, N.S.W. 

This and other projects on the Devonian biostratigraphy of eastern Australia 
conducted by the Department of Geology at the University of New England are 
supported by the Australian Research Grants Committee, whose assistance is 
gratefully acknowledged. 


Systematic Palaeontology 

Subclass Ostracoda Latreille 1806 
Order Leperditicopida Pokorny 1963 
Family Leperditiidae Jones 1856 
Genus Leperditia Roualt 1851 

Leperditia ? sp. I 

(PI. 7, figs. 9, 10, & 20-27) 

Primitia elongata Krause var. nuda Jones. Chapman 1904, p. 304; PI. 14, fig. 3a-c. 

Aparchites subovatus Jones. Chapman 1904, p. 299; PI. 14, fig. lOa-c. 

(non) Primitia elongata Krause 1891, Z. dt. geol. Ges 43, 494; PI. 30, figs. 4a, b. 

(nec) Primitia elongata Krause var. nuda Jones 1893, Q. Jl. geol. Soc. Loud., 49, p. 298; 
PI. 13, fig. 6. 

(nec) Aparchites subovatus Jones 1893, Q. Jl. geol. Soc. Lond., 49, p. 292; PI. 12, figs. 7, 8a-c. 

Description: In lateral view, dorsum straight; hinge straight, parallel to 
dorsum and i of length of carapace. Anterior cardinal angle 140°, posterior 
cardinal angle 150°. Ventral margin gently convex. Anterior and posterior margins 
evenly rounded, but anterior more convex than posterior margin. Greatest height 
almost level with posterior cardinal angle. Overlap slight, right over left. No eye 
tubercles or postero-dorsal inflation in left valve. 

In dorsal view, wider posteriorly. Anterior and posterior ends blunt. Apart 
from slight concavity in outline close to the anterior and posterior ends, the outline 
is evenly convex. The right over left overlap can be seen in dorsal and ventral 
view. 

Surface of carapace smooth. 

Discussion: Chapman’s drawing shows a median sulcus; this is certainly absent 
in the specimen which he described and is also missing in the other specimen. 
His allocation to the genus Primitia of specimen NMV P5400 is consequently 
mistaken, as is also his identification as Primitia elongata Krause var. nuda Jones. 

It is difficult to conceive that specimen NMV P5391 is conspecific with 
Aparchites subovatus Jones from the Lower Silurian of Britain. In any case the 
width of the specimen at hand is proportionately larger than that of Jones’s species. 
The poor preservation and the small size of this specimen prevents its full investiga¬ 
tion. It is possible that it is an internal mould of a juvenile Leperditia sp. I. 

The present allocation to the genus Leperditia is based on the absence of a 
velar structure and a channelled hinge which removes this species from the genera 
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Aparchites and Paraparchites. Apart from the normal leperditiid overlap and lateral 
outline, Leperditia sp. I resembles Leperditia copelandi Lundin 1965 (a, b) 
(Henryhouse Formation, late Silurian, Oklahoma, U.S.A.) in the absence of eye 
tubercles and muscle scar features and in its outline in dorsal view. 


Material: NMV P5391 and P5400 and UNE F10309. 
Dimensions (in mm): 



L 

H 

W 

L/H 

H/W 

NMV P5391 

0-69 

0-37 

0-31 

1-86 

1-19 

NMV P5400 

0-97 

0-50 

0-41 

1-94 

1-22 

UNE FI0309 

0-94 

0-50 

0-41 

1-88 

1-22 


Order Palaeocopida Henningsmoen 1953 
Family Leperditellidae Ulrich & Bassler 1906 

Genus Primitia Jones & Holl 1865 

Primitia ? uniumbonata n. sp. 

(PI. 8, fig. 21-28) 

Primitia reticristata Jones. Chapman 1904, p. 303; PI. 13, figs. 7a, b. 

(non) Primitia reticristata Jones 1887b, Silurian Ostracodes from Gothland, p. 5. 

Diagnosis: Suboval, straight hinge, which truncates the smaller non-umbonate 
valve. Median sulcus narrow, well-defined, curved towards anterior, extending to 
a large adductor scar. External surface of carapace unknown, but left valve has a 
broad marginal surface. Left valve umbonate, right valve non-umbonate, therefore 
overreach is left over right. Overlap left over right. In dorsal and ventral view 
greatest width anterior. 

Description: In right lateral view suboval. Hinge straight extending half the 
length of the carapace. A narrow, well-defined median sulcus extends to a 
moderately large adductor muscle scar which is almost centrally placed. Sulcus 
curved slightly towards the anterior. Left valve oval and umbonate; right valve 
oval, except for truncation along the hinge, and non-umbonate. Consequently 
overreach is left over right. Overlap also left over right. 

In ventral and dorsal view greatest width anterior. Anterior half with greater 
curvature than posterior half. Anterior almost blunt. 

The corroded external prevents the description of the surface of the carapace. 
The left valve has a moderately broad marginal surface. 

Discussion: Chapman identified his specimen as Primitia reticristata Jones 
1887b. Jones’s (1888) figure, however, differs from the present specimens in 
having a straight dorsal border. 

It is questionable whether this species should be placed in the genus Primitia . 
However, Primitia includes both umbonate and non-umbonate forms, and the 
inclusion of an uniumbonate species does not appear out of place. The alternative 
would be the erection of a new genus for the inclusion of uniumbonata n. sp. 

Material: UNE F10317 (holotype), UNE F10318 and NMV P5397 (para- 
types). All partially corroded internal moulds. 
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Dimensions (in mm): 



L 

H 

w 

L/H 

H/W 

UNE FI0317 (holotype) 

1-33 

1-01 

0-69 

1-32 

1-46 

UNE FI0318 (paratype) 

1-36 

105 

0-68 

1-30 

1-54 


Derivation of Name: From unus (one; L.) and umbonata (bearing a pro¬ 
jection, umbonate; L.). 

Family Paraparchitidae Scott 1959 
Genus Paraparchites Ulrich & Bassler 1906 

Paraparchites cf. devonicus (Pribyl) 1955 
(PI. 7, fig. 1-6) 

Primitia paucipunctata Jones & Holl. Chapman 1904, p. 305; PI. 14, fig. 4a-c. 

Sansabella (Coelonella) devonica Pribyl 1955, Sb. ust red. Vst. geol. (Palaeont. Ser.), 21, 281; 

PI. 1, fig. 3-10 and PI. 3, fig. 13-15. 

(non) Primitia paucipunctata Jones & Holl 1865, Ann. Mag. nat. Hist. (3), 16, p. 419; PI. 12, 

figs. 6c, d. 

Description: The overwhelming similarity to Paraparchites devonicus (Pribyl) 
1955 (originally described under the subgenus Sansabella (Coelonella) ) renders 
any other description of little value. For this reason his description is paraphrased 
with a few necessary alterations. 

In lateral outline the carapace is subelliptical. The left valve is higher than 
the right valve, but there is no clear indication of overlap. Greatest height anterior. 
Dorsal margin slightly convex. The hinge line is straight and channelled. Ventral 
margin considerably convex, especially in the anterior third; posteriorly it becomes 
gradually less convex. In dorsal and ventral view suboval in outline. In ventral 
view, free margins of both valves appear thickened. 

The surface of the carapace appears to be smooth. 

Discussion: The generic designation of this species is questionable. Pribyl 
(1955) discussed the status of Sansabella and Coelonella, and concluded that they 
can be regarded as subgenera of Sansabella. Sohn (in Moore (Ed.) 1961) erected 
a separate family for Sansabella Roundy, and thus removes it from Coelonella 
Stewart, which Scott (in Moore (Ed.) 1961) placed in synonymy with Para¬ 
parchites Ulrich & Bassler, and therefore in the family Paraparchitidae. The 
occasional development of a median pit and a possible velar structure appear to 
be the only characters which differentiate Sansabella from Paraparchites U. & B. 
(sensu Scott 1959). Restudy of Roundy’s original specimens appears necessary 
before further discussion is possible. 

Despite the difficulties which surround the generic status of the present species, 
there can be little doubt that it is closely related to Paraparchites devonicus 
(Pribyl). The only basis for differentiating the present form and P. devonicus are 
the differences in size and proportions. 

Chapman’s identification of his specimen as Primitia paucipunctata Jones & 
Holl is mistaken, since his specimen has no median sulcus. 

Material: UNE F10342 and NMV P5401. Both internal moulds. 
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Dimensions (in mm) : 



L 

H 

w 

L/H 

H/W 

UNE FI0342 

0-69 

0-42 

0-33 

1 • 64 

1-27 

NMV 5401 

0*50 

0-30 

0-24 

1-66 

1-25 

Paraparchites devonicus 
(Pribyl) (Holotype) 

0-90 

0-6 

0-38 

1-50 

1-58 


Ostracoda indet. of Paraparchites cf. devonicus (Pribyl) 1955 

(PI. 7, figs. 7, 8) 

Primitia punctata Jones. Chapman 1904, p. 301; PI. 13, fig. 2a-c. 

(non) Primitia punctata Jones 1887a, Ann. Mag. nat. Hist. (5), 19, p. 193; PI. 7, figs. 9a, b. 

Description: Elongate oval. Inequivalve, right valve more inflate along venter 
than left. 

In lateral view, dorsal border almost straight, ventral margin gently convex in 
right valve and almost straight in left valve. Anterior margin regularly convex. 
Posterior margin flattened posteriorly and postero-dorsally. No sulcus. Greatest 
height anterior. No detectable overreach. 

In dorsal and ventral view ovoid, wider anteriorly. Hinge indistinct. In ventral 
view, thickening of free margins of both valves. No overlap of valves noted. 
Anterior and posterior views, cardioform with point towards dorsum. 

Surface apparently smooth. 

Discussion: Unlike Primitia punctata Jones 1887a, Chapman’s specimen does 
not have a median sulcus. Chapman’s figures are misleading since, despite the 
addition of a sulcus, his dorsal view is in fact a ventral view. 

In some respects this specimen may be a new form. However, it appears to 
be damaged, and may be a crushed specimen of Paraparchites cf. devonicus . The 
marginal thickening agrees with this. 

Material: NMV P5394—an internal mould. 

Dimensions (in mm): L 0 66, H 0-34, W 0 32; L/H 1 94, H/W 1 06. 

Paraparchites sp. I 

(PI. 7, figs. 39, 40; Fig. 1) 

Primitia cf. obsolcta Jones & Holl. Chapman 1904, p. 303; PI. 13, fig. 8a-c. 

(non) Primitia obsolcta Jones & Holl 1865, Ann. Mag. nat. Hist. (3), 16, p. 423; PI. 13, 
fig. 12a-c. 

Diagnosis: A Paraparchites with an almost oval outline in lateral view, with 
short hinge and reversal of overlap and overreach. Greatest width anterior. 

Description: In lateral view almost perfectly oval, with postero- and antero- 
dorsal margins slightly flattened. Hinge short, just over i of length. Overreach 
right over left, overlap left over right. Axis subparallel to hinge. Greatest height 
median. 

In dorsal view, wider anteriorly. 

Surface of carapace apparently smooth. 

Discussion: The present specimens resemble Paraparchites primaevus (Kes- 
ling) which was originally described under the genus Antiparaparchites Coryell & 
Rogatz (1932). They differ from the latter in having their greatest width anteriorly 
placed and in their slightly greater overreach and overlap (see Fig. 1). 
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Since reversal of overlap does not constitute a feature of generic or even 
specific importance, the genus Antiparaparchites must enter into synonymy with 
Paraparchites. Consequently reversus Coryell & Rogatz 1932 (the designated type 
species of Antiparapcirchites) and Paraparchites oviformis Coryell & Rogatz 1932 
both belong to the same species as demonstrated by Kellett (1936). Kesling 
(1958) apparently overlooked Kellett’s work (1936) and regarded these species 
as distinct, but only with some reservations. Placing Antiparaparchites as a junior 
synonym of Paraparchites obviates the difficulties raised by Kesling (1958) re¬ 
garding the disrupted fossil record of Antiparaparchites. 

P. sp. I and P. primaevus (Kesling) show certain similarities with an un¬ 
described species from the Emsian Taemas Limestone of Wee Jasper, New South 
Wales, and Aparchites ? lenticularis Swartz & Swain 1941. 

The above description of this species differs radically from that given by Jones 
& Holl (1865) for Primitia obsoleta, and there can be no doubt that they belong 
to different genera. 




Fig. 1_Comparison of Paraparchites sp. I and P. primaevus (Kesling). A and B. Right 

and left views of P. sp. I (UNE F10341). C and D. Same views of P. primaevus 
(Kesling). Based on Kesling 1958, PI. 1, figs. 1, 2 (holotype). 


Material: UNE F10340, UNE F10341 and NMV P5398 (ventral and dorsal 
margins damaged). All partial internal moulds. 

Dimensions (in mm): 



L 

H 

W 

L/H 

H/W 

UNE FI0340 

NMV P5398 

1-51 

1-22 

1-24 

0-95 

0-77 

0-57 

1-22 

1-28 

1-61 

1-67 


UNE F10341 is a specimen of the next larger instar than specimen UNE F10340, 
but is broken into two parts. 

Palaeocopida indet. cf. Family Aparchitidae Jones 1901 
(PI. 7, figs. 11, 12) 

Primitia paucipunctata Jones & Holl. Chapman 1904, p. 305; PI. 15, fig. 2a-c. 

(non) Primitia paucipunctata Jones & Holl 1865, Ann. Mag. nat. Hist. (3), 16, p. 419; PI. 13, 
figs. 6c, d. 
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Description: Suboval in lateral view. Dorsum straight, ventral margin slightly 
convex. Anterior margin evenly convex. Posterior margin becoming more convex 
before meeting dorsal border. Anterior cardinal angle 155°, posterior one 135°. 
Hinge almost i of length of carapace. 

Oval in dorsal and ventral views. Anterior and posterior ends rounded. Hinge 
appears channelled. Venter shows indications of a possible velar structure. 

Surface of carapace apparently smooth. 

Discussion: The absence of a median sulcus indicates that Chapman’s identi¬ 
fication as Primitia paucipunctata Jones & Holl is invalid. 

This specimen differs from all others known from the Lilydale Limestone. The 
preservation prevents any identification. The general shape and the indications 
of a velar structure suggests a palaeocope, possibly a member of the family 
Aparchitidae. 

Material: NMV P5402— corroded internal mould. 

Dimensions (in mm): L 100, H 0*56, W 0 44; L/H 1 78, H/W 127. 

Order Podocopida Muller 1894 
Family Bairdiidae Sars 1888 
Genus Bairdia McCoy 1844 

Bairdia flexuosa (Chapman) 1904 
(PI. 8, fig. 14-20; Fig. 2) 

Macrocypris flexuosa Chapman 1904, p. 309; PI. 13, figs. 6a, b. 

? Macrocypris cf. vinei Jones. Chapman 1904, p. 310; PI. 14, fig. 7a-c. 

(non) Macrocypris vinei Jones 1887a, Ann. Mag. nat . Hist. (5), 19, p. 179; PI. 4, fig. 1-3 and 

text-figure. 

Description: In lateral view, the dorsal border is slightly concave in the 
anterior quarter, almost flat over the anterior part of the hinge, convex over the 
posterior part of the hinge, and appears to be slightly concave posteriorly. The 
ventral margin is convex anteriorly, and sinuous in the middle and posterior 
portion. In right lateral view, the left over right overlap and overreach is clearly 
seen along the dorsum; the left over right overlap is rather indistinct along the 
ventral margin. 

In dorsal and ventral view outline distinctly fusiform due to concavities close 
to the anterior and posterior ends. 

The cast produced by the duplicature can be seen in the internal mould. It is 
well developed towards the anterior, and less so along the venter and posterior. 
The width of the duplicature is reduced along the venter. 

A reconstruction of the internals based on these two specimens is given in 
Fig. 2. 

Surface of carapace smooth. 

Discussion: Doubt might be cast on the allocation of these two specimens to 
the same species. Nevertheless, the characteristic Bairdia-Yike features of the mould, 
as well as its proportions, suggest that it may belong to Bairdia flexuosa. In this 
case both specimens belong to the same instar. 

The elongate shape and especially the sinuous venter characterize this species 
and differentiate it from most other known species of Bairdia. Chapman’s choice 
of specific name seems to be particularly apt in this respect. 

The convex dorsal border and the distinct overreach distinguishes Bairdia 
flexuosa Chapman from the genus Alanella Boucek as well as from other members 
of the family Beecherellidae. 
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Material: NMV P5413 (holotype) (posterior end missing) andNMVP5414 
(an internal cast). 

Dimensions (in mm): Holotype: L over 1*71, H 0 66, W 0 47; L/H over 
2-5, H/W 1-40. 



Pig. 2—Reconstruction of internals of Bairdia flexuosa (Chapman). Solid lines based 
on specimens NMV P5413 and NMV P5414. Dotted lines are conjectural. 

Genus Bairdiacypris Bradfield 1935 

Bairdiacypris ? halli (Chapman) 1904 
(PI. 8, fig. 1-4) 

Primitia halli Chapman 1904, p. 304; PI. 15, fig. 2a-c. 

Description: In lateral view, dorsum straight. Ventral margin straight. 
Duplicature forms a flange which is straight antero-dorsally and then curves evenly 
antero-ventrally dropping below the level of the interior antero-ventral outline of 
the commissure. Anterior rounded. Posterior outline consisting of straight postero- 
dorsal and postero-ventral margins meeting at a blunt posterior end. 

Greatest width anterior in dorsal view. An anterior sharper than posterior. 
Carapace absent, and consequently nature of overlap and overreach not 
discemable from specimens. 

Nature of surface unknown. 

Discussion: The internal structure is similar to that of Bairdia flexuosa 
(Chapman), but differs from the latter in the wider anterior in dorsal view, the 
more obtuse' anterior and posterior ends in lateral view and the straighter dorsum. 

The preservation of the specimen is far from satisfactory. Until more specimens 
are available, further discussion and comparison with other species is impossible. 
The allocation to the genus Bairdiacypris is based chiefly on the lateral outline 
and the presence of a duplicature. 

Material: NMV P5399 (holotype)—an internal mould. 

Dimensions (in mm): Holotype: L TOO, H 0-44, W 0 39; L/H 2 27, H/W 
1 13. 

Family Uncertain 

(Cypridae Baird 1845 or Baridiidae Sars 1888) 

Genus Camdenidea Swain 1953 

Camdenidea ? sp I 

(PI. 7, fig. 13-19) 

Argilloecia acuta Jones & Kirby. Chapman 1904, p. 309; PI. 14, fig. 6a-c. 

(non) Argilloecia (Bythocypris) aequalis acuta Jones & Kirkby 1895, Ann. Mag. nat. Hist. (6), 
16, p. 457; PI. 21, fig. 8. 

Description: In lateral view, anterior subquadrate, posterior subacuminate 
and venter concave. Dorsal border and dorso-posterior margin evenly convex. 
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Hinge short, about 1/3 of length of carapace. Overreach left over right. Overlap 
indeterminable. 

In dorsal and ventral view laterally compressed, with parallel sided outline. 
Anterior and posterior ends about equally rounded. 

A narrow and entire duplicature can be seen in both valves of the specimens. 
No indication of muscle scars due to poor preservation. 

Discussion: The concave venter differentiates Chapman’s specimen from 
Argilloecia (Bythocypris) aequalis acuta Jones & Kirkby. 

The internals of Camdenidea have been described by Swain (1953). They 
appear to agree with the features seen in the specimens at hand. However, Swain 
(1953) described the duplicature as moderately wide ventrally and postero- 
ventrally and narrow elsewhere. This contrasts with the condition in Camdenidea ? 
sp. I in which the duplicature appears to be narrow along its entire course. 

Camdenidea ? sp. I differs from C. camdenensis Swain (the type species) and 
C. bloomfieldensis (Swartz & Swain), not only in the nature of the duplicature, 
but also in being laterally compressed. It might be argued that the compressed 
appearance of C. ? sp. I is due to the absence of the carapace, but the carapace 
would have to be considerably thickened laterally for this to be the case. C. ? sp. I 
also differs from these two species in being considerably smaller. 

Material: NMV P5412, UNE F10336 and three other specimens (UNE 
F10337/9). All internal moulds. 

Dimensions (in mm): 



L 

H 

w 

L/H 

H/W 

NMV P5412 

0-89 

0-49 

0-33 

1-80 

1*48 

UNE F10336 

0-92 

0-50 

0-35 

1-84 

1-43 


Family Bairdiocyprididae Sohn 1961 

Genus Rairdiocypris Kegel 1932 

Bairdiocypris ? subtrigonalis (Chapman) 1904 
(PI. 9, fig. 4-27; Fig. 3) 

Primitia subtrigonalis Chapman 1904, p. 301; PI. 13, fig. la-c. 

Primitia semicircularis Jones & Holl. Chapman 1904, p. 306; PI. 4, fig. 4a-c. 

Bythocypris holli Jones. Chapman 1904, p. 310 (pars); PI. 16, figs, la-c, 2a-c. 
cf. Isochilina labrosa Jones. Chapman 1904, p. 299; PI. 16, figs. 3a, b. 

(non) Primitia semicircularis Jones & Holl 1865, Ann. Mag. nat. Hist. (3), 16, p. 424; PI. 13, 
fig. lOa-c. 

(nec) Bythocypris holli Jones 1887a, Ann. Mag. nat. Hist. (5), 19, p. 184; PI. 5, figs, la, b 
& 2, and PI. 6, figs. 3a, b & 4a, b. 

(nec) Isochilina labrosa Jones 1889, Ann. Mag. nat. Hist. (6), 3, p. 383; PI. 17, figs. 11, ii, 
and text figs. 3 & 4. 

Diagnosis: Bairdiocypris with subtriangular lateral outline in later instars and 
almost semicircular earlier instars. Venter concave. Overlap slight. Ventral margins 
thickened and indications of thin (?) duplicature in postero-ventral portion of 
left valve. 

Description: Subtriangular in lateral view in later instars; earlier instars 
almost semicircular. Inequivalve, left valve overreaching right valve along dorsal 
border. Overlap left over right, slight. Ventral margin moderately concave to 
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almost straight. Dorsal border in immature instars evenly convex. In later and 
adult instars, similar but flattened antero- and postero-dorsally. Antero-ventral 
margin angular to strongly convex; postero-ventral margin usually less strongly 
convex. Hinge straight, about 2/5 of length of carapace. Hinge line sloping 
downwards posteriorly. 

Tecnomorph with greatest width at mid-length and acute anterior and posterior 
ends. In ventral view commissure straight; in dorsal view commissure runs along 
centre-line anteriorly, swings to the right along the hinge and then swings sharply 
to the centre-line behind the hinge. 

Internal features. Free margins thickened. Indications of a thin inner lamella 
(?) in the postero-ventral portion of the left valve. 

Heteromorph differs from the above in being more elongate posteriorly, when 
seen in lateral aspect. In dorsal view, posterior more inflate than in tecnomorph, 
with greatest width posterior of mid-length. Anterior end acute and posterior end 
decidedly obtuse. In ventral view, commissure swings medially to the left side. 
The tecnomorph and the heteromorph are compared in Fig. 3. 




Fig. 3 — Bairdiocypris subtrigonalis (Chapman). Comparison of right lateral (A), dorsal 
(B) and ventral (C) views of heteromorph (NMV P5416) solid lines and tecnomorph 
(NMV P5415) dotted lines. Both to same scale. 


Discussion: Bythocypris holli as originally described and figured by Jones 
(1887a) appears to contain at least two species. The figured specimens which 
most closely resemble Chapman’s specimens (Jones 1887a, PL 5, figs, la-c & 2) 
differ from Chapman’s in being considerably smaller and having a significantly 
smaller L/H ratio. 

Bairdiocypris semicircularis (Jones & Holl) 1865 appears to be very similar 
to both the liolotype of Bairdiocypris subtrigonalis (Chapman) and the specimen 
ascribed by Chapman to Jones & Holl’s species (i.e. specimen NMV P5404). 
Even the dimensions are similar. However, the figures of B . semicircularis (J. & 
H.) (Jones & Holl 1865, PI. 13, fig. lOa-c) show an acute anteroventral outline 
in lateral view and a dorsal outline which is wider posteriorly (fig. 10c). These 
differences separate Bairdiocypris subtrigonalis (Chapman) from B. semicircularis 
(J. & H.). 

Krommelbein (1955, p. 205) suggested that a specimen described by him as 
Bairdiocypris sp. A could have close affinities with Chapman’s specimen NMV 
P5416 (i.e. the heteromorph). Krommelbein’s specimen—a single left valve— 
although smaller, has similar proportions to Chapman’s. Nevertheless, its dorsal 
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and ventral outline is almost symmetrical, which contrasts with the posteriorly 
inflate nature of specimen NMV P5416. 

The presence of a feature which may be interpreted as an inner lamella in 
the postero-ventral portion of the left valve is not what would be normally expected 
in a Bairdiocypris . Apart from this feature, the specimens possess the characters 
of that genus. Since there is doubt concerning the true nature of this feature, it 
appears convenient to place this species in Bairdiocypris for the time being. 

Material: NMV P5393 (holotype). Other specimens: NMV P5404, P5415 
(adult, $) and P5416 (adult, 9), and UNE F10315, F10316, F10333 and 
F10343-10345. All internal moulds. Specimen NMV P5390—a single valve—is 
comparable with this species, but is considerably larger and may well belong to 
a new species. 


Dimensions (in mm): 



L 

H 

W 

L/H 

H/W 

NMVP5416 ? 

1-54 

1-02 

0-78 

1-53 

1-31 

NMVP5415 c? 

1-39 

1-03 

0-66 

1-35 

1-56 

UNE FI0333 

1-00 

0-75 

0-51 

1-33 

1-47 

UNE F10316 

0-81 

0-64 

0-41 

1*27 

1-56 

NMV P5393 (holotype) 

0-62 

0-48 

0-30 

1*29 

1-60 

UNE FI0344 

0-45 

0-35 

0-24 

1*28 

1-46 

? NMV P5390 

1-80 

1-53 

+0-80 

1-35 

+ 1-67 


Bairdiocypris sp. I 

(PL 8, fig. 5-13; PI. 9, fig. 1-3) 

Primitia trigonalis Jones & Holl. Chapman 1904, p. 300; PL 15, fig. 8a-c. 

Primitia unicornis (Ulrich). Chapman 1904, p. 306; PL 15, figs. 6a, b. 

Bythocypris holli Jones. Chapman 1904, p. 310 (pars); PL 14, figs. 9a, b. 

(non) Primitia trigonalis Jones & Holl 1865, Ann . Mag. nat. Hist., 16, p. 421; PL 13, figs. 4a, b. 
(nec) Leperditia unicornis Ulrich 1879, J. Cincinatti nat. Hist. Soc., 2, p. 10; Pl. 7, fig. 4. 
(nec) Bythocypris holli Jones 1887a, Ann. Mag. nat. Hist. (5), 19, p. 184; PL 5, figs, la, b 

& 2 and PL 6, figs. 3a, b & 4a, b. 

Description: Subtriangular in lateral view. Dorsal border convex with flatten¬ 
ing anteriorly and posteriorly of hinge. Anterior and posterior outline evenly 
convex, posterior more convex than anterior. Ventral margin slightly concave, 
with greatest concavity usually about 1/3 from anterior. Inequivalve, left over¬ 
reaching and overlapping right valve. Overlap slight. 

In dorsal and ventral aspect outline of valves subparallcl. Anterior end acute, 
posterior end orthogonal to obtuse. 

Discussion: Primitia trigonalis Jones & Holl 1865 as originally described and 
figured appears to be leperditellid, and consequently bears no relationship to the 
present material. An adventitious patch of matrix on specimen NMV P5405 gives 
only a generalized similarity to unicornis Ulrich 1879. Bairdiocypris holli (Jones) 
1887a is similar to the present species, but the former has a more convex antero- 
and postero-dorsal outline and a considerably smaller H/W ratio. 

The present species differs from B. subtrigonalis (Chapman) in being pro¬ 
portionally more elongate and less wide, in being subtriangular throughout its 
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ontogeny, and in having an orthogonal or obtuse posterior outline in dorsal or 
ventral view. 

Material: NMV P5392, P5405 and P5417, and UNE F10310-F10314 and 
F10335. All internal moulds. 


Dimensions (in mm): 



L 

H 

W 

L/H 

H/W 

UNE F10335 

1-39 

0-85 

0-59 

1-63 

1-44 

NMV P54C5 

M3 

0-71 

0-49 

1-61 

1-45 

NMV P5392 

0-71 

0-47 

0-33 

1-51 

1-43 

UNE F10310 

0-57 

0-40 

0-29 

1-43 

1-37 

NMV P5417 

0-59 

0-41 

0-29 

1-44 

1-41 


Bairdiocypris sp. II 

(PI. 7, fig. 35-38) 

Bythocypris phaseolus var. elongata Jones. Chapman 1904, p. 311; PI. 15, figs. 5a, b. 

(non) Bythocypris phaseolus var. elongata Jones 1889, Ann. Mag. nat. Hist. (6), 4, p. 271; 

PI. 15, fig. 8a-c. 

Description: Reniform, elongate, in lateral view. Dorsal border evenly con¬ 
vex; concave ventral margin with greatest concavity medially. Anterior margin 
more convex than posterior margin. Overreach and overlap left over right. Right 
valve with indication of postero-ventral furrow. 

Greatest width anterior in dorsal and ventral view. Outline slightly concave 
near anterior end. Overlap greater at posterior end. 

Discussion: Krommelbein (1952, PI. 4) figured sections of Bairdiocypris 
uexheimensis (Kegel). From these sections it becomes apparent that internal 
moulds of Bairdiocypris have a considerably larger L/H ratio than do complete 
specimens because of the thickening of the carapace of the left valve along the 
ventral overlap. For this reason, the present specimen appears to be considerably 
more elongate than other species of Bairdiocypris. Nevertheless, the present speci¬ 
men is more elongate even allowing for the apparent elongation due to its being 
an internal mould. This differentiates the present specimen from other species of 
Bairdiocypris such as B. uexheimensis and B. gerolsteinensis. It nevertheless appears 
premature to give a specific name to this specimen until further material is 
available. 

Material: NMV P5419— an internal mould. 

Dimensions (in mm): L 105, H 0-48, W 0 35; L/H 2 18, H/W 1 37. 

Podocopida, Family Uncertain 
Genus Microcheilinella Geis 1933 

Microcheilinella lilydalcnsis n. sp. 

(PI. 7, fig. 28-34) 

Primitia striata Krause. Chapman 1904, p. 305; PI. 15, fig. 3a-c. 

(non) Primitia striata Krause, 1891, Z. dt. geol. Ges., 43, p. 496; PI. 31, figs. 4 & 5a-c. 

Diagnosis: A Microcheilinella with oblong to suboval lateral outline. Dorsum 
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convex with flattened median third, ventral margin slightly convex. Almost ovoid 
dorsal outline, with obtuse posterior and orthogonal anterior ends. Hinge 1/3 of 
length of carapace. 

Description: In lateral view oblong to suboval. Dorsum convex with flatter 
median third. Ventral margin gently and evenly convex. Anterior outline sharper 
than posterior. Anterior margin evenly and tightly convex. Posterior margin formed 
by continuation of postero-dorsal and ventral curvature, which meet in the postero- 
ventral region which has a tightly convex outline. 

In dorsal view almost ovoid, with decidedly obtuse posterior and nearly ortho¬ 
gonal anterior ends. Hinge channelled, occupying just over one-third of length of 
carapace. In ventral view, the left over right overlap can be seen. The contact 
between the valves swings to the left, so that the right valve appears larger. 
Duplicature present on right valve, but not observed in left valve. 

Nature of surface unknown. 

Discussion: Rozhdyestvyenskaya (1962) described 12 species of Micro - 
cheilinella from the Middle Devonian of Bashkiria, USSR. Four had been pre¬ 
viously named by Polenova, and the remainder were new. Of this group of species, 
only M . modica Rozhd. has the general dorsal and lateral outline which charac¬ 
terizes M. lilydalensis n. sp. M. modica differs from M. lilydalensis in having a 
flatter venter, in being more elongate and in being less tumid in anterior or 
posterior aspect. M. modica also differs in that the lateral outline is oblong, and 
the dorsal outline is acute anteriorly rather than orthogonal. M. punctilata (Ulrich) 
1891 differs from M. lilydalensis in having a rounded posterior outline in dorsal 
view. 

As in several other cases, Chapman’s specimen does not have a median sulcus, 
and consequently his identification as Primitia striata Krause is erroneous. 

Material: UNE F10323 (holotype), NMV P5403 (damaged) and UNE 
F10324 (paratypes). Also other specimens. All internal moulds. 

Dimensions (in mm): 



L 

H 

W 

L/H 

H/W 

UNE FI0323 (holotype) 

0-95 

0-54 

0-63 

1-76 

0-86 

UNE FI0324 (paratype) 

0-92 

0-53 

0-61 

1-74 

0-87 

NMV P5403 (paratype) 

— 

0-42 

0-50 

— 

0-84 

M. modica Rozhd. 

0-74 

0-34 

0-37 

212 

0-92 


Derivation of Name: From Lilydale (Limestone) and -ensis, L. suffix 
denoting place. * 
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Explanation of Plates 

All specimens uncoated unless stated. All from Lilydale Limestone (Lower Devonian), 
Victoria. Magnification about X 25. 

Plate 7 

Fig. 1-6— Paraparchites cf. devonicus (Pribyl). 1, 2, 3 & 4. Left, right, dorsal and ventral 
views of UNE FI0342. 5 & 6. Left and ventral views of NMV P5401. 

Fig. 7-8—Ostracoda indct. Cf. Paraparchites cf. devonicus (Pribyl). 7 & 8. Left and ventral 
views of only specimen (NMV P5394). 

Fig. 9, 10—Ostracoda indet. Cf. Leperditia ? sp. I. 9 & 10. Left and dorsal views of only 
specimen (NMV P5391). 

Fig. 11, 12—Ostracoda indet. Cf. Family Aparchitidae. 11 & 12. Right and dorsal views of 
only specimen (NMV P5402). 

Fig. 13-19— Camdenidea ? sp. I. 13, 14, 15 & 16. Right, left, dorsal and ventral views of 
NMV P5412. 17, 18 & 19. Right, left and ventral views of UNE FI0336. Both 
specimens internal moulds. 

Fig. 20-27— Leperditia ? sp. 1. 20, 21, 22 & 23. Left, right, dorsal and ventral views of 
UNE F10309. 24, 25. 26 & 27. Same views of NMV P5400. 

Fig. 28-34— Microcheilinella lilydalensis n. sp. 28, 29 & 30. Right, dorsal and ventral views 

of holotype (UNE F10323). 31, 32, 33 & 34. Left, right, ventral and dorsal views 

of paratype (UNE F10324). 

Fig. 35-38— Bairdiocypris sp. IT. 35, 36, 37 & 38. Right, left, ventral and dorsal views of 
only specimen (NMV P5419). 

Fig. 39, 40— Paraparchites sp. I. 39 & 40. Right and left views of specimen UNE FI0341. 

Plate 8 

Fig. 1-4— Bairdiocypris ? halli (Chapman). 1, 2, 3 & 4. Left, right, ventral and dorsal views 
of holotype (only specimen) (NMV P5399). Internal mould. 

Fig. 5-13— Bairdiocypris sp. I. 5, 6 & 7. Dorsal, left and ventral views of specimen NMV 
P5405. 8 & 9. Ventral and left views of specimen UNE F 10311. 10 & 11. Same 
views of specimen UNE F10310. 12 & 13. Same views of specimen NMV P5417. 

Fig. 14-20— Bairdia flexuosa (Chapman). 14, 15 & 16. Left, right and ventral views of 

specimen NMV P 5414. Internal mould. 17, 18, 19 & 20. Ventral, dorsal, left and 

right views of holotype (NMV P5413). 

Fig. 21-28— Primitia uniumbonata n. sp. 21, 22, 23 & 24. Dorsal, ventral, right and left views 
of holotype (UNE F10317). 25, 26, 27 & 28. Same views of paratype (UNE 
F10318). 

Plate 9 

Fig. 1-3— Bairdiocypris sp. I. 1, 2 & 3. Left, right and dorsal views of specimen UNE F10335. 
Coated with magnesium oxide. 

Fig. 4-27— Bairdiocypris subfrigonalis (Chapman). 4, 5, 6 & 7. Left, right, ventral and dorsal 
views of holotype (NMV P5393). 8 & 9. Right and ventral views of specimen 
UNE F10343. 10 & 11. Same views of specimen NMV P5404. 12 & 13. Same 
views of specimen UNE FI0315. 14 & 15. Same views of specimen UNE FI0316. 
16, 17, 18 & 19. Ventral, dorsal, right and left views of specimen UNE F10333 
(Tecnomorph, ‘adult— V). 20, 21, 22 & 23. Same views of specimen NMV P5415 
(Tecnomorph, adult). 24, 25, 26 & 27. Same views of specimen NMV P5416 
(Heteromorph). 
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Cretaceous Microplankton from the Eucla Basin, 

Western Australia 

By Isabel C. Cookson 

Department of Botany, University of Melbourne, Victoria 3052 
and A. Eisenack 

University of Tubingen, Germany 
With Introduction by B. S. Ingram 
Geological Survey of Western Australia, 26 Francis Street, Perth, W.A. 6000 

Introduction 

This paper is concerned with the systematic description of microplankton 
species found in Cretaceous strata from the Western Australian portion of the 
Eucla Basin. The samples all come from the Madura Shale encountered in three 
bores, one (Madura 1) drilled by the Public Works Department for water, the 
other two (Eyre No. 1 and GambangaNo. 1) oil exploration wells. The geographic 
co-ordinates of the bores are given below (see Lowry 1968, PL 20 for map)— 

Madura 1 bore 31°54'35"S., 127°00'2Q"E. 

GambangaNo. 1 well 32°16'S., 124°50'E. 

Eyre No. 1 well 32°07'S., 126°58'E. 

The first stratigraphic and palaeontological work on these bores was done 
by Ludbrook (1958, 1960). Ingram (1968) examined the spores, pollen grains 
and microplankton and recognized three zones within the Madura Shale. These 
zones were considered (a) Senonian, (b) Albian-Cenomanian and (c) Neocomian- 
Aptian in age. In this paper samples from only the two youngest zones have been 
examined. 

Systematic Descriptions 

The registered numbers given for holotypes and hypotypes are those of the palynological 
Collection of the Geological Surrey of Western Australia 

Order Dinoflagellata 
Family Gymnodiniaceae (Bergh) Schiitt 1896 

Genus Dinogymnium Evitt, Clarke & Verdier 1967 

Dinogymnitim cf. acuminatum Evitt, Clarke & Verdier 1967 
(PL 10, fig. 1, F7932) 

Age and Occurrence: Senonian. Madura No. 1 Bore at 968-988 ft. 

Comment: Two specimens from the Madura Bore, Eucla Basin, Western 
Australia agree closely with those of D. acuminatum Evitt et al. 1967. The only 
difference seems to be the more rounded shape of their antapices. 

Dimensions: c. 68 /x long, c. 44 /x + broad. 
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Dinogymnium westralium (Cookson & Eisenack 1958) 

(PI. 10, fig. 2, F7933) 

Gymnodinium westralium Cookson & Eisenack 1958, p. 25, PI. 1, fig. 9. 

Dinogymnium westralium (Cookson & Eisenack) Ingram 1968, p. 65. 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 963-968 ft, Gambanga No. 1 Bore, Eucla Basin, Western Australia, 
at 910-920 ft. 

Comment: Two features not observable in the specimens originally described 
from several Western Australian Cretaceous deposits have been evident in the one 
from the Madura Bore figured herein, namely the helicoid nature of the girdle 
and the presence of a very narrow longitudinal furrow. 

Dinogymnium undulosum n. sp. 

(PI. 10, fig. 3; holotype, F7934) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 963-968 ft. 

Description: Epitheca and hypotheca of nearly equal length with rounded 
apices, that of the hypotheca being the more strongly so, and clearly ornamented 
with wavy longitudinal ridges. Girdle prominent, circular in outline, rather shallow 
but with well-defined limits. The longitudinal furrow, which is present on both 
epitheca and hypotheca, narrows distally but does not extend to the poles. 

Dimensions: Holotype, c. 64 /x long, 34 /x broad. Range of four examples: 
length 52-70 /x, breadth 27-38 /x. 

Dinogymnium sp. forma A 
(PI. 10, fig. 5, F7939) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 963-968 ft. 

Dimensions: c. 56 /x long, 30/x broad. 

Comment: The single specimen shown in PI. 10, fig. 5 appears to be distinct, 
but since it is the only one of its kind so far found and is also incomplete, we* 
have refrained from giving it specific rank. As the figure shows, it is roughly oval 
in shape and both the epitheca and hypotheca are ornamented with long, closely 
arranged wavy ridges, particularly so in the epitheca. However, more examples 
will be necessary for specific determination. 

Dinogymnium cerviculum n. sp. 

(PI. 10, fig. 6; holotype, F7937) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 963-968 ft. 

Description: Shell small, epitheca approximately three times as long as the 
hypotheca, narrowing gradually from the relatively deep, circular girdle to a 
distinct though short, straight-sided neck, the apex of which appears to have been 
detached along a straight line. Hypotheca in the form of a low half-sphere. 

# The surface of both epitheca and hypotheca is rather faintly longitudinally 
striated, especially that of the hypotheca, the striation being most conspicuous near 
the base of the epitheca. The longitudinal furrow appears to be developed as the 
result of the downward curving of the girdle. 

Dimensions: Holotype: shell c. 33 /x long, c. 27 /x broad, overall length c. 40 ^. 
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Dinogymnium cf. cerviculum 

(PI. 10, fig. 7, F7932) 

Comment: A second specimen from the Madura No. 1 Bore at 963-968 ft 
seems to be closely related to D. cerviculum. However, its characters are not 
sufficiently clearly defined for specific identification. The surface of the shell appears 
to be smooth and the neck, which is relatively long, seems to be closed. 

Dimensions: c. 52 ^ long, c. 30 /x broad. 

Dinogymnium cf. avellana (Lejeune-Carpentier 1951) 

(PI. 10, fig. 8, F7939) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 1018-1072 ft. 

Comment: The figured specimen agrees in general form and shape with the 
one described by Lejeune-Carpentier from a Belgian Senonian flint. The poles of 
both epithcca and hypotheca are rounded in outline and the girdle is shallow, 
helicoid and laevo-rotatory with low but distinct borders. The longitudinal furrow, 
which is restricted to the hypotheca, does not extend to the antapex. Low but 
rather indistinct ridges are evident on both the epi- and hypotheca. 

Dimensions: c. 44 n long, 35 /ibroad. 

Dinogymnium euclaensis n. sp. 

(PI. 10, fig. 9-12; holotype, fig. 12, F7943) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 968-988 ft. 

Description: Shell small, consisting of a conical, longitudinally striated epi- 
theca and a smooth hypotheca about three-quarters of a sphere in outline. The 
two portions are separated by a rather deep, circular, transverse girdle, the ends 
of which form a longitudinal furrow which extends downwards for varying dis¬ 
tances but not to the antapex. 

Dimensions: Holotype, c. 34 ^ long, c. 22 /x wide. Range of 14 specimens: 
32-42 fx long, 19-30 /x broad. 

Comment: The epithecal striations may be straight or somewhat wavy in 
outline. In one of the figured specimens (PI. 10, fig. 11) a small portion of the 
apex has been removed, and in an unfigured one is completely so. However, at 
present, it is not possible to decide whether this is a natural or accidental 
phenomenon. 

Dinogymnium cf. euclaensis 

(PI. 10, fig. 4, F7935) 

Age and Occurrence: Senonian. Gambanga No. 1 Bore, Eucla Basin, 
Western Australia, at 910-920 ft. 

Dimensions: c. 37 /xlong, c. 20abroad. 

Comment: The single specimen from the Gambanga Bore, though similar in 
general form to that of D. euclaensis as described here (p. 139), differs from this 
species in having an unstriated cpitheca with somewhat concave sides. 

The small dark spot and upwardly curved thickening on the surface of the 
epitheca just above the longitudinal furrow is of interest since the whole feature 
is reminiscent of the longitudinal ‘flagellum pore’ of some of the fossil Dino- 
flagellates mentioned previously by Cookson & Eisenack 1968 and later herein. 
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Family Deflandreaeceae Eisenack 1954 
Genus Deflandrea Eisenack 1938 

Deflandrea gambangensis n. sp. 

(PI. 11, figs. 1, 2; holotype, fig. 1, F 7950; paratype, fig. 2, F7951) 

Age and Occurrence; Senonian. Gambanga No. 1 Bore, Eucla Basin, 
Western Australia, at 910-920 ft. 

Description: Shell slightly longer than broad, partially filled by a relatively 
large internal capsule, with a smooth wall, which extends from a variable distance 
from the base of the hypotheca well into the epitheca. 

The epitheca has a slightly wavy outline and a short apical horn, which, when 
entire, is bluntly-pointed (fig. 2). When, as sometimes happens, the extreme tip 
is missing a slight concavity is evident. The sides of the hypotheca, which are 
straight or slightly convex, slant downwards towards the point of origin of the 
single, short, but prominent antapical horn present on the left-hand side. A girdle 
seems to be absent, but slight concavities sometimes evident on the two sides 
where the shell is broadest, may indicate its existence. The archeopyle is inter¬ 
calary, relatively large, rounded hoof-shaped with a straight base. 

The surface of the epitheca is finely dotted with minute thickenings, which are 
arranged in longitudinal rows which slant from the girdle region towards the apex. 
Typically a small, somewhat triangular area between the top of the archeopyle 
and the apex is unornamented. Occasionally a slight, fine ornamentation of the 
hypotheca has been observed. 

Dimensions: Holotype: c. 86 /x long, 68 /x broad. Range of 10 examples: c. 
86-105 /xlong, 68-81 /x broad. 


Deflandrea madurensis n. sp. 

(PI. 11, figs. 3, 4; holotype, fig. 3, F7952; paratype, fig. 4, F7953) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 968-988 ft. 

Description: Shell longer than broad, epitheca somewhat larger than hypo¬ 
theca with outwardly slanting sides and a small apical horn. The sides of the 
hypotheca slant towards a very small antapical horn which is situated on the left- 
hand side of the antapex. A large circular internal capsule almost fills the 
hypotheca and extends to nearly half way up the epitheca. 

The archeopyle is intercalary, relatively large and rounded in outline with a 
straight base. The wall of the epitheca is typically completely and closely covered 
with small dot-like thickenings. A girdle has been clearly evident on the ventral 
surface of the paratype (PI. 11, fig. 4). 

Dimensions: Holotype: c. 90 // long, 72 /x broad. Range of 10 specimens: c. 
74-96 /x long, 60-84 /x broad. 

Comment: D. madurensis is obviously very closely related to the above 
described D. gambangensis (PI. 11, fig. 2). However, the main distinguishing 
characters, namely the more complete filling of the hypotheca by the internal 
capsule, the smaller size and different shape of the antapical projection, and the 
more complete and denser arrangement of the surface thickenings, have been so 
constant in their occurrence that, for the present at least, the specific separation of 
these two forms, adopted herein, seems justified. 
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Deflandrea spinosissiina n. sp. 

(PI. 11, figs. 5, 6; holotype, fig. 5, F7954; paratype, fig. 6, F7955) 

Age and Occurrence: Senonian. Gambanga No. 1 Bore, Eucla Basin, 
Western Australia, at 910-920 ft. 

Description: Shell moderately large with slanting to convex sides in both 
epitheca and hypotheca; a short, blunt apical horn and a single short antapical 
horn on one side. A large internal body either partially or almost entirely fills the 
hypotheca and part of the epitheca. The archeopyle is broadly triangular to 
almost circular in outline. The whole surface of the shell is densely and very finely 
spinulose. 

Dimensions: Holotype: c. 100 p long, 72 p broad. Range: shell c. 60-115 p 
long, 44-87 p broad. 

Comment: One of the chief characters of this species is the occurrence of the 
fine ornament all over the shell. 

Deflandrea niultispinosa n. sp. 

(PI. 11, fig. 7-9; holotype, fig. 8, F7957; paratype, fig. 9, F7958) 

Age and Occurrence: Albian-Cenomanian. Madura No. 1 Bore between 
1523-1775 ft. 

Description: Shell small, slightly longer than broad. Epitheca somewhat 
larger than the hypotheca with slightly convex sides and a short, centrally placed 
apical horn which, when entire, is bluntly pointed. The sides of the hypotheca, 
which are straight or slightly convex, slant downwards towards a relatively narrow 
and straight base with two short but distinct antapical horns of unequal length, 
the left-hand one being the larger. In two specimens only one relatively large 
antapical horn is developed (PI. 11, fig. 7). The girdle is prominent, circular and 
discontinuous on the dorsal surface, the breaks being to the right and left of a 
median portion and near the lateral walls. The vvall of the shell is distinctly and 
closely ornamented with short, sharply pointed spines. 

A large internal capsule, oval in shape, almost fills the shell. The archeopyle 
is squarish to circular in outline. 

Dimensions: Holotype: c. 96 p long, 62 p broad. Range of 10 specimens: c. 
67-102 p long, 46-72 p broad. 

Comment: The slight broadening of the epitheca below the apical horn and 
the lateral interruptions of the girdle on the dorsal surface are characters which, 
to some extent, link D. multispinosa with D. tripartita Cookson & Eisenack 1960, 
D. victoriensis Cookson & Manum 1964, D. verrucosa Manum (1963) and D. 
manumi n. sp. 

Deflandrea manumi n. sp. 

(PI. 11, figs. 10, 11; holotype, fig. 10, F7959) 

Age and Occurrence: Senonian. Madura No. 1 Bore, between 963 and 
968 ft. 

Description: Shell relatively large, considerably longer than broad, divided 
approximately equally by a clearly-defined discontinuous girdle. The epitheca, 
which is slightly longer than the hypotheca, consists of a prominent apical region 
with strongly convex shoulder-like sides, a short, broad, median apical horn with 
a straight apex and outwardly slanting sides, and a slightly broader lower portion 
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with convex sides which extends to the girdle. The sides of the hypo theca narrow 
gradually inwards towards a squarish antapex with a slightly pointed prominence 
on the right-hand side. 

The girdle is relatively wide, strongly defined and broken at regular intervals. 
The archeopyle is rather large and slightly angular in outline. 

The wall of the shell is finely granular throughout. In addition, relatively large 
clearly-defined areas both above and below the individual subdivisions of the 
girdle, which resemble fields of Peridinium type (Manum 1963), are outlined by 
relatively prominent, closely arranged, bluntly-pointed solid thickenings which are 
circular in outline in surface view. 

The walls of the central body and shell are thin and in close contact. 

Dimensions: Holotype: c. 102 (x long, c. 60 fx broad. Range: 20 specimens 
c. 95-138 ^ long, c. 52-80 [x broad. 

Comment: Both the shape and the size of the shell of D. manumi are closely 
similar to those of D. tripartita Cookson & Eisenack 1960, D. victoriensis Manum 
& Cookson 1964 and D. verrucosa Manum 1963, and show the Peridinium type 
of tabulation discussed by Manum in 1963. The fields outlined on the surface of 
the shell of D. manumi are 3", 4" and 5" and 2"', 3'" and 4'". Between the indi¬ 
vidual fields there are clearly marked longitudinal intercalary strips. 

Dcflandrea balmei Cookson & Eisenack 1962 
(PI. 11, fig. 12, F7961) 

Deflcmdrea minor Cookson & Eisenack 1960, p. 2, PI. 1, fig. 1-4. 

Deflandrea balmei Cookson & Eisenack 1962, p. 486, new name. 

Age and Occurrence: Probably Upper to Middle Senonian. Molecap Green¬ 
sand north of Gingin, Western Australia, Wapet’s seismic shothole B1 and 170 ft. 
Upper Gearle Siltstone c. 2505-2511 ft. Madura Bore No. 1, Eucla Basin, Western 
Australia, at 968-988 ft. 

Dimensions: Figured specimen: c. 52 \x long, c. 40 broad. 

Comment: The Madura examples, five in number, agree well with the type 
specimen of this species from Rough Range South, Western Australia, No. 1 Bore 
at 2505-2511 ft. 

Deflandrea balcattensis Cookson & Eisenack 1969 
(PI. 11, fig. 13, F6630) 

Age and Occurrence: Albian-Cenomanian. Balcatta Bore No. 1, Western 
Australia, between 120-160 ft and 230-270 ft. Senonian: Madura No. 1 Bore, 
Eucla Basin, Western Australia, between 1073-1104 ft. 

Comment: The figured specimen completely agrees in shape and structure 
with those from the Balcatta No. 1 Bore, Western Australia. As in the earlier 
examples, the wavy longitudinal thickening which marks the position of the 
flagellum pore is clearly evident. 

Deflandrea armata n. sp. 

(holotype, PI. 13, fig. 9, F7986) 

Age and Occurrence: Senonian. Gambanga Bore No. 1, Eucla Basin, 
Western Australia, 910-920 ft. 

Description: Shell longer than broad with a rather dome-shaped epitheca 
with convex sides which narrow towards a short apical horn. Hypotheca some- 
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what longer than the epitheca with slightly convex sides which slant slightly towards 
a relatively broad slanting antapex with a small antapical horn on the right-hand 
side. The longitudinal furrow, which is relatively broad, widens antapically. The 
surface of the"shell is covered with short, clearly-defined, broadly-based spines. 

The internal capsule is thin-walled and in the holotype, PI. 13, fig. 9, appears 
to be restricted to the middle region of the shell, which it fills laterally. In the 
unfigured paratype the capsule appears to fill the greater portion of the shell. 

Dimensions: Holotype: c. 80 /z long, 57 /x broad. Range of several specimens: 
length c. 67-80 breadth 48-57 

Deflandrea ingrami n. sp. 

(PI. 12, fig. 7-9; holotype, PI. 12, fig. 9, F7971) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 968-988 ft. 

Description: Shell rather flat, approximately oval in outline with a thin, un¬ 
tabulated wall, and a small, flat, median apical projection on the left-hand side. 
Slight lateral concavities indicative of a transverse girdle are evident in the holo¬ 
type. 

A large oval capsule almost fills the shell both laterally and longitudinally. 
Its wall is slightly thicker than that of the shell and appears to be ornamented with 
small, closely arranged, low, dot-like thickenings (PL 12, fig. 8). 

A six-sided archeopyle is outlined in the apical region of the epitheca of the 
holotype and the example shown in PI. 12, fig. 8. 

Dimensions: Holotype: length c. 67 /z, breadth 48 /z. Paratype: c. 75 /z X 
56 /z. Range: length c. 68-80 /x, breadth 46-66 /x. 

Comment: A relatively frequent species. In the holotype the wavy longitudinal 
thickening associated with the flagellum (herein, p. 153) is present in the region 
of the ventral furrow. 

Deflandrea rhombovalis n. sp. 

(PI. 12, figs. 10, 11; holotype, PI. 12, fig. 11, F7973) 

Age and Occurrence: Senonian to Ccnomanian-Albian. Madura No. 1 Bore, 
Eucla Basin, Western Australia, 1018-1072 ft, 1073-1104 ft. 

Description: Shell small, somewhat flat, rounded-rhomboidal to nearly oval 
in outline, with a short, blunt to truncate apical horn and a small, pointed to 
rounded antapical horn situated towards one side of the hypotheca. Girdle median, 
slightly indicated or missing. In the holotype the ventral furrow is in evidence and 
the wavy thickening which we associate with the flagellum pore and have herein 
recorded for several other types (p. ??) is clearly indicated. 

The capsule is approximately circular in outline and does not fill the shell 
laterally; its wall is only slightly thicker than that of the shell. The shell opens by 
means of a small, approximately five-sided archeopyle, as is evident in the holo¬ 
type, but to one side of the epitheca due to faulty preservation. 

Dimensions: Based on 20 examples. Holotype: length c. 54 /z, breadth 44 /z. 
Range: length c. 46-56 /x, breadth 36-44 /x. 

Comment: The differences between this species and other small and smooth 
species of Deflandrea are the blunt, truncate and slightly inverted apical horn and 
the pointed antapical horn. 
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Genus Palaeohystrichophora Deflandre 1934 
Palaeohystrichophora infusorioidcs Deflandre 1936 
(PI. 12, figs. 12, 13) 

Palaeohystrichophora infusorioidcs Deflandre 1936, p. 38. 

Palaeohystrichophora infusorioidcs Deflandre, Cookson & Eisenack 1958, p. 37. 
Palaeohystrichophora infusorioidcs Deflandre, Cookson & Hughes 1964, p. 43, PI. 5, fig. 8. 
Palaeohystrichophora infusorioidcs Deflandre, Manum & Cookson 1964, p. 43, PI. 5, fig. 5. 
Palaeohystrichophora infusorioidcs Deflandre, Clarke & Verdier 1967, p. 28, PI. 4, fig. 10. 
Palaeohystrichophora infusorioidcs Deflandre, Ingram 1968, p. 66. 

Comment: P. infusorioidcs, originally described by Deflandre in 1934 from 
French Upper Cretaceous deposits and subsequently recorded from Australian 
deposits of approximately the same age by Cookson and Eisenack in 1958 and 
recently by Ingram (1968) of Albian to Upper Senonian age, has occurred regu¬ 
larly in the Madura No. 1 Bore, Eucla Basin, Western Australia, between 963- 
1104 ft. The most interesting feature of the specimens examined during the present 
investigation has been the presence of the clearly defined, small, wavy, longitudinal 
thickening on the surface of the middle portion of the wide ventral furrow, which 
we believe to have been associated with a flagellum, and which is similar to those 
recorded herein for species of the genera Defiandrea, Dinogymnium, ? Ascodinium 
trendalli, etc. 


Genus Spinidinium Cookson & Eisenack 1962 
Spinidinium lantema n. sp. 

(PI. 12, fig. 1-3; holotypc, fig. 2, F7964) 

Age and Occurrence: Senonian. Madura No. 1 Bore, 968-988 ft. 

Description: Shell somewhat biconical, clearly divided by a relatively con¬ 
spicuous girdle into a longer epitheca with straight to slightly convex slanting sides 
and a short apical horn and a shorter, somewhat broader hypotheca with slanting, 
slightly convex sides and a narrow, pointed antapical horn to one side of the mid¬ 
line. The girdle is relatively broad, interrupted laterally on the dorsal surface, its 
ends on the ventral surface being rather widely separated. 

The tabulation, which is most evident in the epitheca, is difficult to determine. 
The plates appear to be long, narrow and triangular in outline and to extend from 
the girdle to near the apex. There seem to be six precingular plates in the epitheca; 
the number in the hypotheca has not been determined. However, in several speci¬ 
mens, a small semicircular area, outlined by a single row of small, evenly-spaced 
thickenings, which extends between the two lateral breaks in the girdle, has been 
evident on the dorsal surface of the hypotheca (PI. 12, fig. 2). 

The outlines of both the shell and plates are ornamented with distinctly pointed 
spines which vary somewhat, both in size and density, in individual specimens. 

The archcopyle is small, intercalary and high in the epitheca. The internal 
body is large, thin and smooth-walled and, except at the extreme apex, almost 
fills the shell. 

Dimensions based on 20 examples: Holotypc: length c. 70 /x, breadth 50 p.. 
Range: c. 55-78 p. long, 37-57 p. broad. 

Comment: Although the outer wall of Spinidinium lantema is clearly tabulated 
and the species not uncommon, it has not been possible to determine the exact 
tabulation. The main features by which S. lantema can be distinguished from 
S . stylonifera Cookson & Eisenack 1962 from Western and South Australian Aptian 
and Albian deposits are: the greater difference between the lengths of the epitheca 
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and hypotheca, straighter sides, clearer tabulation, longer and more clearly out¬ 
lined triangular plates and the finer type of ornamentation. 

Genus Ascodinium Cookson & Eisenack 1960 

Ascodinium ovalis n. sp. 

(PI. 13, fig. 8; holotype, F7985) 

Age and Occurrence: Albian to Cenomanian. Madura No. 1 Bore, 1471- 
1486 ft. 

Description: Shell smooth, slightly flattened, oval in outline, thin-walled, with 
a large apical archeopyle and a short antapical projection slightly to one side of 
the antapex. 

Capsule completely separated from the wall of the shell with a relatively thin, 
unornamented wall except at both apex and antapex, where small dot-like 
thickenings arc evident. The capsule opens by the complete detachment of the 
apex. 

Dimensions: Holotype: shell c. 35 /x long, c. 40 /x broad. Capsule c. 40 X 35 /x. 

Comment: The holotype is the only example of this type so far found. In it 
the apical portions of both shell and capsule have been detached. The detached 
apex of the capsule gives a good idea of the type of ornament mentioned above. 

The method of opening of both shell and capsule is similar to that of the three 
species of Ascodinium previously recorded from Western Australian Albian- 
Cenomanian deposits (Cookson & Eisenack 1960, p. 5). 

Genus ? Ascodinium Cookson & Eisenack 1960 
? Ascodinium trendalli n. sp. 

(PI. 12, figs. 5, 6; holotype, fig. 5, F7967) 

Age and Occurrence: Senonian, Albian-Cenomanian. Madura No. 1 Bore, 
Eucla Basin, Western Australia, 1018-1072 ft and 1073-1104 ft. 

Description: Shell distinedy longer than broad, rather thin-walled, untabu¬ 
lated and very finely and inconspicuously dotted, with a bluntly pointed median 
apical projection and a downwardly slanting antapex with a short d= sharply 
pointed projection on the right-hand side. A well-developed subequatorial girdle 
delimits a longer cpitheca from a shorter hypotheca, its ends on the ventral surface 

being widely separated. # t f t 

The internal capsule, which is distinctly oval in shape and relatively large, 
extends to the outer wall of the hypotheca but not quite to that of the epitheca. 
Its wall appears to be somewhat thicker than that of the shell. 

On the ventral surface of the hypotheca, between the ends of the girdle, the 
longitudinal wavy thickening, probably associated with the flagellum pore, is usually 
prominent. An archeopyle has not been observed. 

Dimensions: Holotype: Overall length c. 70 /x, overall width 35 /x, internal 
capsule c. 38 X 30 /x. Range: length c. 67-93 /x, breadth c. 33-50 /x. 

Comment: In none of the many specimens examined (30 actually mounted) 
has an archeopyle been observed, in a few examples the apex of the shell has 
been partially or entirely removed but in none has the internal capsule been opened, 
nor the breach sufficiently clean-cut to suggest that it was due to a natural method 
of opening. For this reason, the present assignment of this readily recognizable 
form to the genus Ascodinium is regarded as provisional. In this respect, attention 
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needs to be drawn to three of the Western Australian Dinoflagellate species, re¬ 
ferred to the genus Deflandrea, namely D. rotundata Eiscnack & Cookson 1960, 
D. foliacea Eisenack & Cookson 1960, D. balcattensis Cookson & Eiscnack 1969, 
in which archeopyles were not evident in the many examples studied. 

As to the well-developed wavy thickening present in the mid-ventral surface 
of the hypotheca of ? A . trendalli, which appears to be similar to those associated 
with the flagellae of recent Dinoflagellates, we have not been able to prove that a 
definite connection between them and the central body does exist. However, there 
seems little doubt that the clearly defined structure, so well represented in this 
species, is connected with the flagellum pore. 

Family Pseudoceratiaceae Eisenack 1961 

Genus Odontochitina Deflandre 1935 
Odontochitina cf. striatoperforata Cookson & Eisenack 1962 
(PI. 14, figs. 8, 9, F8007, 8008) 

Comment: A few incomplete speimens comparable with some of those figured 
from the type Cretaceous localities in Western Australia have been found in the 
Madura Bore sample at 966-968 ft. 

Family Canningiaceae Sarjeant & Downie 1966 
Genus Canningia Cookson & Eisenack 1960 
Canningia scabrose n. sp. 

(PI. 13, figs. 6, 7; holotype, PI. 13, fig. 6, F7983) 

Age and Occurrence: Albian-Cenomanian. Madura No. 1 Bore, 1486- 
1523 ft. Senonian: Madura No. 1 Bore, 968-988 ft. 

Description: Shell rather flat, almost circular to slightly angular in outline, 
with a slight apical prominence and with, as in the holotype, or without a slight 
antapical concavity bounded by blunt or pointed outgrowths. 

In one example (from 1486-1523 ft) a girdle is clearly evident on the ventral 
surface. The shell opens by the removal of a considerable portion of the cpitheca. 

The ornamentation consists of densely arranged, irregularly outlined thicken¬ 
ings, some of which narrow to short, hair-like appendages (PI. 13, fig. 4). 

Dimensions: Holotype: c. 102 //. long, 90 y. broad. Range in breadth: c. 78- 
94 fx. 

Family Apteodiniaceae Eisenack 1961 

Genus Apteodinium Eiscnack 1958 
Apteodiniuvn tuberculatum n. sp. 

(PI. 12, fig. 14; holotype, F7976) 

Age and Occurrence: Senonian. Madura No. 1 Bore at 1073-1104 ft. 

Description: Shell untabulatcd, relatively large, broadly oval in outline with 
a short, solid, median apical horn which narrows from a relatively broad base to 
a small apex ornamented by a small terminal and two minute lateral spiny pro¬ 
jections. A relatively wide, median, spiral girdle is clearly outlined, and a large 
archeopyle occupies a considerable portion of the epitheca. The surface of the 
shell is ornamented with low, closely arranged, somewhat spinous thickenings. 

Dimensions: Holotype: c. 128 /x long, 105 abroad. 
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Comment: Three additional specimens were recovered which, whilst agreeing 
with the general characters of the holotype, were less suitable for exact measure¬ 
ments. A. tuberculatum is rather closely similar to A. maculatum (Eisenack & 
Cookson 1960a, p. 4) from Aptian and Albian deposits in Western Australia, 
South Australia and Queensland. However, it differs from this species in the less 
rounded shape of the shell, the shape of the apical horn and the absence of the 
group of well-characterized thickenings typical of A. maculatum. 

Family Actinothecaceae n. fam. 

Shell roughly circular in outline consisting of a flat, somewhat hexagonal body 
and a broad two-layered wing which is supported by a series of narrow radially 
directed thickenings. Type of the family is the genus Actinotheca Cookson & 
Eisenack 1960. 

Comment: The family Actinothecaceae includes Dinoflagellates or Dino- 
flagellate cysts which are considerably flattened in the direction of the longitudinal 
axis. The flattened central body represents the capsule and the wing the outer 
layer as in cavate cysts. The six parts of the wing correspond to six precingular 
plates between two of which the longitudinal furrow is developed. 

In 1966 Sarjeant and Downie proposed that the genus Actinotheca should be 
referred to the Stephodiniaceae. However, the construction of Actinotheca is quite 
distinct from that of Stephodinium Deflandrc 1936. In this genus the capsule is 
situated eccentrically and extends both above and below the wing, the archeopyle 
being in the epitheca. In Actinotheca the capsule and outer layer lie in the same 
plane. 

Genus Actinotheca Cookson Sc Eisenack 1960 
Actinotheca ornata n. sp. 

(PI. 13, figs. 1, 2; holotype, fig. 1, F7978) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 1073-1104 ft. 

Description: Main characters are those of the genotype, A. aphroditae 
Cookson & Eisenack 1960 from the Turonian, Lower Gearle Siltstone, Western 
Australia, at 2500-2514 ft. The only difference shown by the Madura specimens 
is the presence of a few, relatively large, evenly-spaced appendanges with simple 
or slightly forked apices, which arise from a circular area about half-way from 
the centre of the body of the shell and also from the surface of the wing. A 
longitudinal furrow is present in the paratype (PI. 13, fig. 2). 

Dimensions: Holotype: Diameter of shell c. 75 /x, overall diameter c. 125 /x. 
Range of five specimens: Diameter of shell c. 48-77 /x, overall diameter c. 88-125 
/x. Length of appendages c. 7-30 /x. 

Family Hystrichosphaeridiaceae Evitt 1963 emend. Sarjeant & Downie 1966 
Genus Hystrichosphaeridium Deflandre 1937 emend. Davey & Williams 1966 
Hystrichosphaeridium tubiferum (Ehrenberg) 

(PI. 14, fig. 2, F8001) 

Xanthidium tubiferum Ehrenberg, 1838, PI. 1, fig. 16. 

Hystrichosphaeridium tubiferum (Ehrenberg) Lejeune-Carpentier 1940, p. 218, fig. 1-4. 
Hystrichosphaeridium tubiferum (Ehrenberg) Davey & Williams 1966, p. 56, PI. 6, figs. 1, 2, 
PI. 9, fig. 5. 

Hystrichosphaeridium tubiferum (Ehrenberg) Wilson 1966, p. 223-240. 

Hystrichosphaeridium tubiferum (Ehrenberg) Davey 1969, p. 43, PI. 5, figs. 5, 8. 
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Age and Occurrence: Scnonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 968-988 ft and 1075-1104 ft. 

Dimensions: Diameter of shell c. 52-70 p\ overall diameter c. 104-133 p. 
Comment: The apex of one of the appendages in the figured specimen appears 
to be closed, a feature not hitherto recorded for this type. The Western Australian 
examples are appreciably larger than the holotype and paratype of this species 
(Davey & Williams 1966, p. 56). 

Hystrichosphaeridiuni recurvatum (White 1842) Lejeune-Carpcntier 1940 

(Pl. 14, fig. 1, F8000) 

Xanthidium recurvatum (1842) 1844 Trans. Micr. Soc. 1: PI. 8, fig. 11. 

Hystrichosphaeridiuni recurvatum (White) Lejeunc-Carpentier 1940. Ann. Soc. geol. Belg. 63: 
221, fig. 6. 

Hystrichosphaeridiuni recurvatum (White) Deflandre & Cookson 1955. Aust. J. mar. Freshwat. 
Res. 4: No. 2, PI. 1, figs. 11, 12. 

Hystrichosphaeridiuni recurvatum (White) Lejeune-Carpentier, Davey, Downie, Sarjeant & 
Williams 1966, p. 67. 

Age and Occurrence: Senonian. Madura No. 1 Bore, 1078-1104 ft. 

Dimensions: Figured specimen, diameter of shell c. 35 p, overall diameter c. 
85 p, number of appendages 30. 

Comment: Some well-preserved specimens from the Madura Bore agree with 
the descriptions of H. recurvatum by Lejeune-Carpentier (1940) including the 
number of appendages (30) as evidenced by the figured specimen. All the Madura 
examples have been larger than the holotype of the closely related form Hystricho- 
sphaeridium sheppeyense Davey & Williams 1966, p. 69, PI. 11, fig. 3. 

Genus Oligospliaeridium Davey & Williams 1966 
Oligosphaeridium pulcherrimum (Deflandre & Cookson 1955) 

(PI. 14, fig. 3, F8002) 

Hystrichosphaeridiuni pulcherrimum Deflandre & Cookson 1955, p. 270, PI. 1, fig. 8, text-fig. 
21 . 

Hystrichosphaeridiuni pulcherrimum Deflandre & Cookson 1955, Valensi 1955, p. 592, PI. 4, 
fig. 1. . . 

Oligosphaeridium pulcherrimum (Deflandre & Cookson) Davey & Williams 1966, p. 75, PI. 10, 
fig. 9, PI. 11, fig. 5. 

Oligosphaeridium pulcherrimum (Deflandre & Cookson) Cookson & Eisenack 1968, p, 114, 
fig. 4E. 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 1078-1104 ft. 

Dimensions: Diameter of shell of figured specimen c . 60 p, overall diameter 
c. 124 p. 

Comment: The figured specimen has a clearly defined, six-sided apical 
archeopyle. The first Western Australian record of O. pulcherrimum was recently 
made (Cookson & Eisenack 1968) from Gingin Brook No. 4 Borehole, Western 
Australia, between 202 and 204 ft, the age of which is suggested as either lowest 
Campanian or possibly Santonian (A. E. Cockbain in Sanders 1967, p. 30). 

Genus Heterosphaeridium Cookson & Eisenack 1968 
Heterosphaeridium conjunctum Cookson & Eisenack 1968 
(PI. 14, fig. 5-7, F8004-6) 

Heterosphaeridium conjunctum Cookson & Eisenack 1968, p. 115, fig. 4G-H. 
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Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 968-988 ft and 1018-1072 ft. 

Dimensions: Complete specimen (PI. 14, fig. 5): length of shell including 
apical horn c. 118 /x, overall length with antapical appendages c. 130 /x; width of 
shell c. 90 /x, overall width c. 118 /x. 

Comment: The specimen shown in PI 14, fig. 5, is the only complete one of 
this species so far found. It shows the partial detachment of the apical portion 
including the horn. The characteristic ledges uniting the bases of the appendages 
are particularly evident. 

H. conjunction was first recovered by Cookson and Eisenack in 1968 from the 
silty limestone intersected by the Gingin Brook No. 4 Bore, Western Australia, 
between 202 and 204 ft, the age of which is either lowest Campanian or possibly 
Santonian (Cockbain in Sanders 1967, p. 30). 

Genus Diphyes Cookson 1965 
Diphyes appendicularis n. sp. 

(PI. 13, fig. 5, F7982) 

Age and Occurrence: Senonian. Madura No. 1 Bore, 963-966 ft. 

Description: Shell composed of two portions of very unequal size. The 
anterior portion is large, probably originally spherical, and closely covered with 
relatively small appendages which narrow from broadish bases to almost hair-like 
distal apices. The much smaller posterior portion is in the form of a relatively 
prominent, hollow, unornamented projection, longer than broad, with a slightly 
serrated rim. 

Dimensions: Holotype: overall length c. 90 /x, overall breadth 95 /x, antapical 
projection c. 31 /x long, c. 23 p broad at base, narrowing to c. 13 p, and widening 
again to c. 18 /x at the extremity. 

Comment: The two specimens of D. appendicularis from the Madura No. 1 
Bore differ from the type species D. colligerum Cookson 1965 from Victorian 
Tertiary and Upper Cretaceous deposits in the extreme difference in size that exists 
between the two portions of the shell. In addition, the type of appendage is quite 
distinct from that of D. colligerum. 

? Family Exochosphaeridiaceae Sarjeant & Downie 1966 

? Genus Exochosphaeridium Davey, Downie, Sarjeant & Williams 1966 
? Exosphaeridium phragmites Davey, Downie, Sarjeant & Williams 

(PI. 14, fig. 4, F8003) 

Exosphaeridium phragmites Davey, Downie, Sarjeant & Williams 1966, p. 165, PI. 2, fig. 8-10. 
Exosphaeridium phragmites Davey, Downie, Sarjeant & Williams. Davey 1969, p. 163, PI. 7, 

fig. 5. 

Age and Occurrence: Senonian, Albian-Cenomanian. Madura No. 1 Bore, 
Eucla Basin, Western Australia, 1078-1104, 1471-1486, 1486-1523 ft. 

Dimensions: Figured specimen, shell c. 42 X 50 /x, overall diameter c. 72 X 
79 p. Range: Diameter of shell c. 36-42 /x, overall diameter c. 57-108 p. 

Comment: The Western Australian specimens herein tentatively referred to 
E. phragmites from Cenomanian deposits in Surrey, England, agree with this type 
in the form of the shell, the solid nature of the sharply-pointed and broadly-based 
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appendanges and the precingular position of the archeopyle. In contrast the surface 
of the shell of Australian specimens has been smooth to slightly granular, not 
pitted as in the type material. In ? E. phragmites the archeopyle is five or six- 
sided. Sometimes two or three appendages are confluent basically resulting in a 
broad bifid appendage. 

Family Uncertain 
Genus Maduradinium n. gen. 

Description: Shell five-sided to nearly circular in outline with a readily 
detachable apical horn and one or two antapical projections. Girdle relatively 
wide, circular in outline with more or less strongly developed borders and a wide 
ventral furrow. The archeopyle is relatively large, precingular, six-sided with a 
straight to somewhat rounded outline. 

Surface of shell finely granular, typically with scattered patches of more or less 
strongly developed, closely arranged thickenings, especially in the vicinity of the 
apex, antapex and girdle. 

Genotype Maduradinium pentagonum n. sp. 

(PI. 10, fig. 13-17; holotype, PL 10, fig. 13, F7944; paratype, PI. 10, fig. 14, F7945) 

Age and Occurrence: Senonian. Madura No. 1 Bore at 968 ft. 

Description (based on the holotype and paratype): Shell broader than long, 
approximately five-sided, divided by a wide, strongly outlined girdle into two 
approximately equal parts. The sides of the epitheca are slightly convex and, in 
the holotype, a short, centrally placed horn is present. The sides of the hypotheca 
slant inwards towards a slightly sloping antapex with a small prominence on either 
side, the right-hand one being the stronger. The girdle is wide, strongly outlined 
and its ends on the ventral surface arc widely separated. The archeopyle is relatively 
large, six-sided and clearly outlined. The surface ornamentation consists of patches 
of dot-like thickenings of variable shape and size which are most strongly developed 
below the apex, near the lateral portions of the girdle and near the antapex. 

Dimensions: Holotype: c. 85 /x long, c. 95 /x wide. Paratype: c. 81 X 100 /x. 
Range: length c. 80-103 /x, breadth c. 78-105 jx. 

Comment: From the considerable variation, both in shape and degree of 
ornamentation of the shell that is shown by the figured specimens at present in¬ 
cluded in M. pentagonum , it is evident that considerably more examples will be 
needed for the establishment of the specific limits within this genus. Eight speci¬ 
mens have been studied, all of which have the same straight, six-sided archeopyle, 
the loss in seven of them of the apical horn, as in the paratype, and a prominence 
on one side of the antapex. 

The broken specimen is included to illustrate the mode of detachment of the 
apical horn. 

Family Membranilarnaciacae Eisenack 1969 
Genus Chlamydophorella Cookson & Eisenack 1958 
Chlamydophorella apiculata n. sp. 

(PI. 13, fig. 3; holotype, F7980) 

Age and Occurrence: Albian-Cenomanian. Gambanga No. 1 Bore, Eucla 
Basin, Western Australia, core 7, 1055-1075 ft. 

Description : Shell oval, surmounted by a small apical projection with a blunt 
tip. General surface rather densely covered with short, slightly capitate appendages 
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that are most prominent in the antapical region, shorter and relatively indistinct 
towards the apex and completely absent from the apical horn. The appendages 
are enveloped in a thin membrane. In the equatorial region they appear to diverge 
slightly, possibly due to the existence of an indistinct girdle. No indication of an 
archeopyle is present. 

Dimensions: Holotype: Shell without horn c. 60 fx, with horn c. 70 /x. Overall 
length c. 75 /x, overall breadth c. 50 /*, length of appendages c. 4-6 /x. 

Comment: Only one example has been found. 

Chlamydophorella lagena n. sp. 

(PI. 13, fig. 4; holotype, F7981) 

Age and Occurrence: Albian-Cenomanian. Gambanga No. 1 Bore, Eucla 
Basin, Western Australia, core 7, 1055-1065 ft. 

Description: Shell approximately oval in outline with a relatively wide, 
squarish, apical projection. The whole surface covered with numerous short, rod¬ 
like appendages which support a continuous covering membrane. No indication 
of either a girdle or archeopyle is evident. 

Dimensions: Holotype: Shell c. 52 /x long, c. 35 fx wide. Overall length c. 62 /x, 
overall breadth c. 40 /x. 

Comment: Only one example has been found. 

Incertae Sedis 
Group Acritarcha E\’ f t 1963 
Subgroup Herkomorp. utae 

Genus Cymatiosphaera O. Wetzel 1933 
Cymatiosphaera radiata O. Wetzel 1933 emend. Deflandre 1954 
(PI. 13, fig. 13, F7990) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 966-988 ft. 

Dimensions: Figured specimen, diameter of shell c. 27 /x, overall diameter 
c. 42 /x, height of ledges c. 55 /x. 

Comment: Two specimens referable to this species have been recovered, one 
of them closely resembles those described by Cookson & Eisenack 1960, p. 9, 
PL 2, fig. 22. The other, shown herein, has somewhat thinner and more numerous 
ledges. 

Cymatiosphaera densa n. sp. 

(PI. 12, fig. 15, F7977) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 966-968 ft. 

Description: Shell small, spherical, covered with low, closely arranged ledges 
which cross one another forming small polygonal areas with wavy outlines result¬ 
ing in a labyrinthic pattern. 

Dimensions: Holotype: Shell c. 30 /x, overall diameter c. 42 /x, height of ledges 
c. 5 fx. 

Comment: More specimens will be needed for the determination of the 
detailed structure of this form. 
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Subgroup Polygonomorphitae Downic, Evitt & Sarjeant 1963 

Genus Veryhachium Deunff 1954 emended Downie & Sarjeant 1963 

Veryhachium reductum (Deunff 1959) 

Veryhachium trisulcum Deunff var. reductum Deunff 1959, p. 27, PI. 1, fig. 8-11. 
Veryhachium reductum (Deunff) Jekhowsky 1961, p. 210-212, PI. 2, fig. 22-37. 

Veryhachium reductum (Deunff) Brosius & Bittcrli 1961, p. 36, PI. 1, fig. 3-6. 

Veryhachium reductum (Deunff) Cookson & Eisenack 1962, p. 492, PI. 4, fig. 16. 
Veryhachium reductum (Deunff) Cookson & Hughes 1964, p. 56, PI. 11, fig. 8. 

Veryhachium reductum (Deunff) Cookson & Eisenack 1969, p. 122, Fig. 5P. 

Comment: This species, a widely distributed type, is represented in the deeper 
layers of the Madura No. 1 Bore. Eucla Basin, Western Australia. 

Veryhachium sp. 

(PI. 13, fig. 12) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 1018-1072 ft. 

Description: Shell spherical with 8 or 9 long, slender pointed appendages, 
the cavities of which communicate with the interior of the shell. The walls of 
both shell and appendages are smooth and relatively thick. 

Dimensions: Figured specimen: Diameter of shell c*. 24 /x, overall diameter 
c. 70 fi. 

Subgroup Uncertain 

Genus Palaeostomocystis Deflandre 1935 
Palaeostomocystis apiculata Cookson & Eisenack 1960 
(PI. 13, fig. 10, F7987) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 966-988 ft. 

Comment: The Madura examples are approximately equal in size to that of 
the original type specimens from the Brickhouse Bore, Western Australia. 
Dimensions: The figured specimen is c. 54 f x long and c. 27 /x broad. 

Palaeostomocystis chytra Drugg 1967 
(PI. 13, fig. 11, F7988) 

Age and Occurrence: Senonian. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 966-988 ft. 

Comment: The Madura Bore examples agree closely with those recorded by 
Drugg (1967) from the Escarpado Canyon, California. Two of them have shown 
the mode of opening of the shell by the detachment of the apical wall. 

Object A. Genus and species indeterminate 
(PI. 13, fig. 14, F7991) 

Age and Occurrence: Albian-Cenomanian. Gambanga No. 1 Bore, Eucla 
Basin, Western Australia, 1055-1065 ft. X c. 500. 

Description: Shell flat, circular in outline, smooth and untabulated with a 
few relatively short, radially arranged appendages which widen slightly distally, 
towards straight finely-serrated edges. The appendages seem to be arranged in two 
sets and in two planes, the upper and lower surfaces being unornamented. 
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Dimensions: Shell c. 50 /a, length 76 /a, breadth 77 /a. 

Comment: This object seems to represent a new type possibly related to the 
genus Actinotheca Cookson & Eisenack 1960. However, since the specimen is 
incomplete, more examples will be necessary for generic placing. 

Concluding Remarks 

An interesting result of the present investigation has been the relatively frequent 
occurrence, in several Dinoflagellate genera, of the wavy, or less frequently, ear¬ 
shaped thickening on the ventral surface, between the ends of the girdle, which we 
regard as being associated with the flagellum. 

Since the first record (Cookson & Eisenack 1958) this feature has been clearly 
evident in several Australian Cretaceous and Lower Tertiary species but in spite 
of good preservation the actual flagellar pore that penetrates the shell itself has 
not, as yet, been observed. 

Records of the occurrence of this feature are as follows: 

Gonyaiilacysta diaphanis (Cookson & Eisenack 1958, p. 36). South Perth 
Formation (Lower Cretaceous), Attadale Bore, Western Australia, at 999 ft. 

Ginginodinium tabulation Cookson & Eisenack 1965, p. 143, PI. 19, figs. 
5, 6. Paleocene: Pebble Point Formation, SW. side of Dilwyn Bay, Victoria, 
30 ft above base of the formation. 

Dinogymnium cf. euclaensis Cookson & Eisenack 1970, PI. 10, fig. 4. 
Senonian: Gambanga No. 1 Bore, Eucla Basin, Western Australia, at 
910-920 ft. 

Palaeohystrlchophora infusorioides Deflandre 1936. Cookson & Eisenack 
1970. Madura No. 1 Bore, 963-1104 ft. PI. 12, fig. 12, 13. 

Deflandrea phosphoritica Eisenack 1938. Cookson & Eisenack 1965, p. 121, 
PI. 11, fig. 11. Upper Eocene: Brown Creek Clay, SW. Victoria, carbon¬ 
aceous clay 25 ft below the Greensand (infrequent) to gritty clay 45-50 ft 
above the Greensand (numerous) inclusive. 

Deflandrea pentaradiata Cookson & Eisenack 1965b, p. 139, PI. 18, fig. 1. 
Paleocene: Pebble Point Formation, Victoria, 4-6 ft above base. 

Deflandrea deliniata Cookson & Eisenack 1965c, p. 140, PI. 18, fig. 4. Fig. 
la. Paleocene: Pebble Point Formation, Victoria, 4 ft above base. 

Deflandrea balcattensis Cookson & Eisenack 1970, PI. 11, fig. 13. Senonian: 
Albian-Cenomanian: Osborne Formation, Balcatta No. 1 Bore, Western 
Australia. 

Deflandrea balcattensis Cookson & Eisenack 1970, PI. 11, fig. 13. Senonian: 
Madura No. 1 Bore, Eucla Basin, Western Australia, 1073-1104 ft. 

Deflandrea rhombovalis Cookson & Eisenack 1970, PI. 12, fig. 11. Senonian: 
Madura No. 1 Bore, Eucla Basin, Western Australia, 1018-1072 ft. 
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Deflandrea ingrami Cookson & Eisenack 1970. PI. 12, fig. 9. Senonian: 
Madura No. 1 Bore, Eucla Basin, Western Australia, 968-988 ft. 

Deflandre dartmooria Cookson & Eisenack 1965a, Fig. la, PI. 16, fig. 1. 

? Ascodinium trendalli Cookson & Eisenack 1970, PI. 12, fig. 6. Senonian: 
Madura No. 1 Bore, Eucla Basin, Western Australia, 1073-1104 ft. 
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Explanation of Plates 

Plate 10 

Fig. 1— Dinogymnium cf. acuminatum Evitt, Clarke & Vcrdier 1967. Madura No. 1 Bore 
963-968 ft X c. 700. 

Fig- 2 —Dinogymnium westralium Cookson & Eisenack 1958. Gambanga No. 1 Bore, 910- 
920 ft. X c. 700. 

Fig. 3— Dinogymnium undulosum n. sp. Madura No. 1 Bore, 963-968 ft. Holotype X c. 700. 

Fig. 4— Dinogymnium cf. euclaensis. Gambanga No. 1 Bore, 910-920 ft X c. 700. 

Fig. 5— Dinogymnium sp. forma A. Madura No. 1 Bore, 963-968 ft X c. 1,000. 

Fig. 6— Dinogymnium ccrviculum n. sp. Madura No. 1 Bore, 963-968 ft. Holotype X c. 700. 

Fig. 7— Dinogymnium cf. ccrviculum. Madura No. 1 Bore, 963-968 ft X c. 700. 

Fig. 8— Dinogymnium cf. avellana Leicune-Carpentier 1951. Madura No. 1 Bore, 1018- 
1072 ft X c. 700. 

Fig. 9-12— Dinogymnium euclaensis n. sp. Madura No. 1 Bore, 963-968 ft. Holotype Fie. 12 
X c. 700. 

Fig. 13-17— Maduradinium pentagonum n. sp. Madura No. 1 Bore, 968-988 ft. Holotype 
Fig. 13 X c. 500; Paratype Fig. 14 X c. 500. 

Plate 11 

Fig. 1, 2— Deflandrea gambangensis n. sp. Gambanga No. 1 Bore, Eucla Basin, Western 
Australia, 910-920 ft. Holotype Fig. 1 X c. 700, Fig. 2 X c. 500. 

Fig. 3, 4— Deflandrea maduraensis n. sp. Madura No. 1 Bore, Eucla Basin, Western Aus¬ 
tralia, 966-988 ft. Holotype Fig. 3 X c. 700, Fig 4 X c. 350. 

Fig. 5, 6— Deflandrea spinosissima n. sp. Gambanga No. 1 Bore, Eucla Basin, Western 
Australia, 910-920 ft. Holotype Fig. 5 X c. 500, Paratype Fig. 6 X c. 500. 

Fig. 7-9— Deflandrea multispinosa n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia 
1523-1775 ft. Holotype Fig. 8 X c. 500, Fig. 7. 9 X c. 500. 

Fig. 10-11— Deflandrea manumi n. sp. Madura No. 1 Bore, 963-968 ft. Holotype Fig. 10 X c 
700, Fig. 11, Paratype, X c. 500. 

Fig. 12— Deflandrea balmei Cookson & Eisenack. Madura No. 1 Bore, Eucla Basin, Western 
Australia, at 968-988 ft X c. 700. 

Fig. 13— Deflandrea balcattensis Cookson & Eisenack. Madura No. 1 Bore, Eucla Basin 
Western Australia, at 1073-1104 ft X c. 700. 

Plate 12 

Fig. 1-4— Spinidinium lanternum n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia 
968-988 ft, X c. 700. Fig. 2, ventral surface of holotype. 

Fig. 5, 6—? Ascodinium trendalli n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia, 
1073-1104 ft. Fig. 5, ventral surface of holotype X c. 1,000; Fig. 6, portion of 
another specimen to show the wavy thickening probably associated with a flagellum 
X c. 1,400. 

Fig. 7-9— Deflandrea ingrami n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia 
963-968 ft. Fig. 9, Holotype showing ‘flagellar’ thickening X c. 700; Fig. 8, Para¬ 
type, dorsal surface showing archeopyle; Fig. 7, specimen showing evidence of a 
girdle X c. 700. 

Fig. 10, 11— Deflandrea rhombovalis n. sp. Madura No. 1 Bore, Eucla Basin, Western Aus¬ 
tralia, 1018-1072 ft. Holotype Fig. 11 X c. 700, Paratype Fig. 10 X c. 700. 

Fig. 12, 13— Palaeohystrichophora infusorioides Deflandre 1934. Madura No. 1 Bore, Eucla 
Basin, Western Australia, showing ‘flagellar’ thickening. Fig. 12 X c. 700, Fig 13 
X c. 1,000. 

Fig. 14— Apteodinium tuberculatum n. sp. Madura No. 1 Bore, Eucla Basin, Western Aus¬ 
tralia, 1073-1104 ft, Holotype X c. 350. 

Fig. 15— Cymatiosphaera densa n. sp. Madura No. 1 Bore, Western Australia, 968-988 ft 


Plate 13 

Fig ' ’’ 2 —± c ‘inotheca ornata n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia 
_. , 1073-1104 ft ’ m' s - 1( holotype, X c. 500; Fig. 2, Paratype, X c. 500. 

hig. 3 Chlamydophorella apiculata n. sp. Gambanga No. 1 Bore, Eucla Basin, Western 
Australia, 1055-1065 ft. Holotype X c. 700. 

Fig. 4 —Chlamydophorella lagena n. sp. Gambanga No. 1 Bore, Eucla Basin, Western Aus¬ 
tralia, 1055-1065 ft. Holotype X c. 700. 
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Pig 5 — Diphyes appendicularis n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia, 

963-968 ft Holotype X c. 700. ^ A . «• 

Fig 6 7— Canningia scabrosa n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia, 

968-988 ft. Fig. 6, Holotype, X c. 500 a ♦ r 

pjg # 3 — Ascodinium ovalis n. sp. Madura No. 1 Bore, Eucla Basin, Western Australia, 1471- 

1486 ft. Holotype X c. 700. . A * r 

Fig 9— Deflandrea armata n. sp. Gambanga No. 1 Bore, Eucla Basin, Western Australia, 
910-920 ft Fig. 9, Holotype, X c. 700. 

Fig. 10— Palaeostomocystis apiculata Cookson & Eisenack 1960. Madura No. 1 Bore, Eucla 
Basin, Western Australia, 968-988 ft X c. 700. . 

Pig. ii —Palaeostomocystis chytra Drugg 1967. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 968-988 ft X c. 700. t 4 A , .. 1A10 1/V7 - 

pig. 12 — Veryhachium sp. Madura No. 1 Bore, Eucla Basin, Western Australia, 1018-1072 ft 

pig. 13 — Cymatiosphaera radiata O. Wetzel 1933. Madura No. 1 Bore, Eucla Basin, Western 
Australia, 968-988 ft X c. 700. t VT , „ c 0 , 

pig 14 —Object A. gen. and sp. indeterminate. Gambanga No. 1 Bore, Eucla Basin, Western 
Australia, 1055-1065 ft X c. 500. 

Plate 14 

pig. i— Hystrichosphaeridium recurvation (White 1842). Madura No. 1 Bore, Western Aus¬ 
tralia, 1078-1104 ft X c. 700. _ w J XT « „ <n - 0 

pig. 2— Hystrichosphaeridium tubiferum (Ehrenberg 1838). Madura No. 1 Bore, 1078-1104 ft 

pig. 3 — Oligosphaeridium pulcherrinum (Deflandre & Cookson 1955). Madura No. 1 Bore, 
1078-1104 ft X c. 500. . 0 4 0 , 

pig. 4 —? Exochosphaeridium phragmites Davey, Downie, Sarjeant & Williams 1961. Madura 
No. 1 Bore, 1471-1486 ft X c. 700. f w . XT , _ 

Fig. 5-7— Heterosphaeridium conjunction Cookson & Eisenack 1968. Madura No. 1 Bore, 
966-988 ft. Fig. 5, complete specimen with apical portion in process of detachment 
X c. 500. Fig. 6, open shell showing polygonal ledges uniting the bases of appen¬ 
dages and polygonal areas between them X c. 500. Fig. 7, single broad longitudinally 
striated appendage X c. 500. . , _ _ 

Fig. 8-9— Odontochitina striatoperforata Cookson & Eisenack 1962. Madura No. 1 Bore, 
966-988 ft. Fig. 8, detached apical horn X c. 350. Fig. 9, opened shell with antapical 
horns X c. 350. 
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A New Eucalypt from Western Australia 
By S. G. M. Carr, D. J. Carr 

Department of Developmental Biology, Research School of Biological Sciences, A.N.U., 

Canberra, A.C.T. 2600 

and A. S. George 
W estern Australian Herbarium, Perth, W.A. 

Abstract 

A new species (Eucalyptus roycei) is described. It is shown to resemble E. jucunda C. A. 
Gardner. Both are to be included in the ‘eudesmioid complex’. The new species is restricted 
to a single locality in which it occurs as a relatively very small population, in which there is 
considerable variation. 

Introduction 

In 1966 collections were made in the Shark Bay area of Western Australia of 
an unidentified species of Eucalyptus which has on subsequent study proved to 
be a new species. A specimen had originally been brought to the Western Aus¬ 
tralian Herbarium by Mr J. R. Ford, who collected it in 1964. Further collections 
were made by two of the authors in 1968, by Mr John Lee Steere of Hamelin 
Station, by Mr P. Maxwell and by Mr J. P. Kruiskamp, CSIRO. All the collec¬ 
tions are from the only known locality which lies along the road between Hamelin 
and Tamala Station Homesteads (Map, Fig. 1). The number of trees of the species 
in the locality is not known but is certainly well under five hundred. We have been 
unable to find the species at places on the Tamala Road other than the one 
indicated, nor could it be found in a search of the area traversed by the Hamelin- 
Denham Road, nor along the Tamala-Murchison House track. 

Diagnosis and Description 

Eucalyptus roycei S. G. M. Carr , D. J. Carr et A. S. George; sp. nov. affinis 

E. jucundae C. A. Gardner sed ab ea foliis latis, alabastris glaucis angulatis, 

fructibus angulatis differt. 

Arbor vel frutex parvus 1 5-6 m altus, plerumque pluricaulis et asymmetrice 
formatus (lignotuber nullum visum). Glandulae oleosae et in cortice et in medulla 
praesentes. Cortex laevis, primum fulvo-hinnulea, demum cinerascens. Folia petio- 
lata, nunc opposita nunc cum intranodiis brevibus longisve, lanceolata vel ovato- 
lanceolata, symmetrica vel parum falcata, coriacea, viridia, opaca, concoloria; 
costa mediana distincta, utrinque fere aequaliter perceptibilis; vena intramarginalis 
ab margine distans; venae laterales ab costa mediana sub angulo circa 30° pro- 
deuntes. Inflorescentia basitonica. Inflorescentia singulae axillares ab nodo tertio 
ad nodum sextum surculi annui, vel in ramulis lateralibus ab his nodis exorientibus, 
a prophyllis deciduio vel foliis subtentae. 

Gemmae inapertae inflorescentiae rotundae, gongylodes. Inflorescentiae singulae 
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Fig. 1 —Map of locality of E. roycei (the circled dot). Hamelin Station is very close to 
the junction of the roads leading to Denham and Tamala Station Homestead. 


compositae, ex tribus inflorescentiis sessilibus simplicibus constantes, unaquisque 
flores tres vel pauciores continens. Pedunculus communis maturitate (8-) 12 
(-15) mm longus, sursum dilatatus. Alabastra glaucissima (3-) 4 (-5) -angulata, 
12-17 mm longa, 6*5-9 mm lata, breviter pedicellata (2-4 mm). Hypanthium cupu- 
latum, angulatum sed cetero laeve, plerumque quam operculum parum longius, 
intcrdum multo longius, in pedicello contractum. Operculum hemisphaericum, 
apice depresso vel mitriforme vcl pyramidale, singulare, vel ab corolla vel ab 
corolla et calyce conjuncto oriundum. Orificium floris angulatum, planum vel 
undulatum. Stamina 3-4-seriata, omnia fertilia; staminophorum continuum, non 
elevatum, cum orificio conforme. Filamenta luteola, 10-12 mm longa, glandulas 
oleosas continentia, in alabastra non semper inflexa, ad medium antherarum in- 
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serta. Antherae versatiles, 10-1-3 mm. longae, a rimis lateralibus longitudinalibus 
dehiscentes, glandulibus terminalibus non nisi dorsaliter manifestos, conncctivo 
inconspicuo sub insertione filamentorum, sine glandulis accessoriis. 

Nectarium ad tubum floris affixum, interdum super stylopodium sed nunquam 
ad basin styli extensum. Stylopodium breviter pyramidale; stylus elongatus (18- 
21 mm longus), proportione cum longitudine angustissimus, in alabastro inter 
stamina irregulariter plicatus et torsivus, demum rectus vel sinuatus; stigma in- 
conspicua. Ovarium inferum, multo (circa dimidio) brevius quam hypanthium; 
loculi 3 (-4). Structurae ovulares circa 12-scriales transversaliter, et 4 (-6)-seriales 
longitudinaliter. Ovula hemitropa, marginalia, ad dimidium proximale placentae 
limitata. 

Fructus breviter pedicellatus, lignosus, cupulatus, angulatus, plerumque com- 
pressus lateribus 4 (interdum 3 vel 5) truncato-ovatis, plerumque ad orificium 
constrictus et circa medium latior; orificium angulatum, non planum, partes infimae 
cristis longitudinalibus fructus oppositae; tubus ab nectario verticale vel valde 
descendentc velatus; valvae graciles, profunde inclusae, erectac, breviter triangu¬ 
lares, ab basi persistente styli terminatae. Semina alata, schistacea. Cotyledones 
emarginatae, reniformes. Folia plantulae cum caespitibus stellatus pilorum in 
marginibus et interdum in pagina abaxiale. 

A small tree or shrub 1 5-6 m tall, usually several-stemmed and of irregular 
form (no lignotuber seen). Oil glands present in both bark and pith. Bark smooth, 
yellow-fawn when fresh, grey when old. Leaves stalked, opposite or with short or 
long intranodes, lanceolate or ovate-lanceolate, symmetrical or slightly falcate, 
coriaceous, green, concolorous, the midrib distinct and almost equally prominent 
on both sides of the lamina. Intramarginal vein distant from the margin, lateral 
veins making an angle of about 30° with the midrib (PI. 15, fig. 1). 

Inflorescence basitonic. Individual inflorescences axillary at the third to the 
sixth nodes of the annual shoot or on lateral branches which arise at these nodes 
(Fig. 2); inflorescences subtended by deciduous prophylls or by leaves. Unopened 
inflorescence buds rounded and knob-like (Fig. 8, l{c}). Individual inflorescences 
compound, consisting of three sessile unit inflorescences, each of which contains 
three flowers or fewer. Common peduncle at maturity (8-) 12-15 mm long, more 
or less isodiametric, slightly broader at the top. 

Buds very glaucous (3-) 4 (-5)-angled, 12-15 mm long, 6 5-9 mm broad, 
shortly-stalked (2-4 mm). Hypanthium cup-shaped, angular but otherwise smooth, 
tapering into the pedicel, usually only slightly longer than the operculum, some¬ 
times much longer than it (Fig. 3). Operculum hemispherical with a depressed 
tip or mitre-shaped or pyramidal, single, consisting of the derivatives of the corolla 
only or of the fused derivatives of both calyx and corolla (PI. 15, fig. 2-5). 
Orifice of the flower angular, plane or undulate (Fig. 4). Stamens in 3-4 series, all 
fertile; staminophore continuous, not raised, conforming to the shape of the orifice. 
Filaments pale yellow, 10-12 mm long, glandular, not always infiexed in bud, 
inserted about the middle of the anthers. Anthers versatile, 1 0-13 mm long, 
opening by lateral longitudinal slits, terminal gland visible only on the dorsal 
surface, connective inconspicuous below the insertion of the filament and with no 
accessory glands (Fig. 4). 

Nectary lining the tube of the flower, sometimes extending over part of the 
stylopodium but never to the base of the style. Stylopodium shortly pyramidal, style 
elongated (18-21 mm long), very narrow in proportion to its length, irregularly 
folded and coiled among the stamens in bud, later straight or sinuous, stigma 
inconspicuous (Figs, 4, 7). Ovary inferior, much shorter than the hypanthium 



Fig. 3—Representative flower buds (a, b, 
and c from E.M.S. and S.G.M.C. No. 284, 
d and e from E.M.S. and S.G.M.C. No. 
293). (a) and (b) (X 1-5). These buds 
have sepal teeth at the orifice of the bud. 
The teeth are deciduous with the operculum 
at anthesis. (a) has three teeth, (b) two. 
(c) (X 11). The operculum structure re¬ 
sembles that of most members of Elides- 
mieae B (see text) and there is no evidence 
of sepal teeth, (d) (X 1-5) and (e) (X 
1-7). These represent a form with a de¬ 
pressed (d) or mitre-shaped (e) tip. Neither 
has sepal teeth. The buds arc in all cases 
very glaucous. 


Fig. 4—Style and stamens (E.M.S. and 
S.G.M.C. No. 293). (a) Flower after the 
stamens have been shed. The style is long, 
thin and curved and without a prominent 
stigma (X 1*5). (b) Another bud, viewed 
from above to show the somewhat rhom- 
boidal outline and the expanded, angular 
stylopodium, here with three facets, (c) and 
(e) Stamens, adaxial view, (e) to show the 
mode of dehiscence, (d) Stamen, abaxial 
view (all stamens X 15). 


(approximately half as long), loculi 3 (-4). Ovular structures in approximately 
12 transverse rows and 4 (-6) longitudinal rows. Ovules hemitropous, marginal, 
confined to the proximal half of the placenta (Fig. 7). 

Fruit woody, cup-shaped, angled, usually compressed and with 4 (sometimes 
3 or 5) truncate-ovate facets, shortly stalked, usually constricted at the orifice 
and broadest at or below the middle; valves thin, deeply-enclosed, erect, shortly- 
triangular, terminated by the persistent base of the style; tube lined by the vertical 
or steeply-descending nectary (Figs. 5 and 6). Orifice angular and not level, the 
lowest points being situated opposite the longitudinal ridges of the fruit. Seeds 
winged, dull dark grey (Fig. 7). Cotyledons emarginate, reniform. Seedling leaves 





164 


S. G. M. CARR, D. J. CARR & A. S. GEORGE 



Fig. 5—Fruits and sections of fruits 
(X 1-5). (a) and (b) from E.M.S. 
and S.G.M.C. No. 284, (c) and (d) 
from E.M.S. and S.G.M.C. No. 297. 
In each case the fruits are of shapes 
characteristic for the parent trees. 


C 





Fig. 6 —Fruits, (a) Fruit of E.M.S. 
and S.G.M.C. No. 286 (X 1-7), (b) 
E.M.S and S.G.M.C. No. 282 (X 
1-5), (c) valve view of opened fruit 
(EM.vS. and S.G.M.C. No. 284 (X 
3) ). This shows the septa and, sub¬ 
tending the loculi, the placentae with 
scars of attachment of ovules and ovu- 
lodes which have all been shed. Note 
the relatively small valves. 
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with stellate tufts of hairs on the margins and sometimes on the lower surface. 

The buds (Fig. 3) and fruits (Figs. 5 and 6) of the species are variable in 
shape and size but the variations are characteristic of individual trees. The descrip¬ 
tion has been prepared by reference to the specimens listed below. 

Western Australia: 25 m NE. of Tamala Station Homestead, 16.viii.1964, 
J. R. Ford. Near Hamelin Pool (between 26°29'S., 114°03'E. and 26°31'S., 
114°01'E.).—2.iii.l966, E. M. Scrymgeour and S. G. M. Carr 282, 284, 286, 
293, 297; 16.iii,1968, D. J. Carr and S. G. M. Carr 400; 17.iii.1968, D. J. Carr 
and S. G. M. Carr 416, 417, 419, 420; viii.1968, P. Maxwell; 2, 6 and 8 miles 
from Denham Turnoff, 23.iii.1969, J. P. Kruiskamp (CANB). 

Type: E. M. Scrymgeour and S. G. M. Carr 284. PERTH; paratypes, E. M. 
Scrymgeour and S. G. M. Carr 293, 297. PERTH. 



Fig. 7—(a) Diagram of the disposition of ovules (not shaded) and ovulodes (shaded) 
on the placenta, (b) Section of mature flower (E.M.S. and S.G.M.C. No. 293) before 
anthesis, stamens removed for clarity. The position of the style is as in the intact flower 
bud. The section exposes the placenta of the one of the loculi, (c) (X 11) and (d) 
(X 12), seeds; h = hilum, m indicates position of micropyle. 


The species is known only from the locality cited above (Map, Fig. 1). It 
occurs on red calcareous sand in association with E. dongarraensis Maiden & 
Blakely, E. jutsonii Maiden and E. eudesmoides F. Muell. It is allied to E . jucunda 
C. A. Gardner, but is distinguished from it by the broad leaves, by the glaucous 
angular buds and by the angular fruits. It is named in honour of Mr R. D. Royce, 
Curator, Western Australian Herbarium. 
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Discussion 

Eucalyptus roycei is of great interest because of the remarkable variations in 
structure and development of its operculum. Taken together with a number of 
other characters, both floral and vegetative, the structure of its operculum clearly 
indicates that it is a member of the group, including the Eudesmicac (Benth.) 
Blakely and some other species, which we have previously referred to as the 
‘eudesmioid complex’ (Carr & Carr 1968). We have shown that in the tpecies 
of this complex two patterns of development and structure of the operculum are 
clearly distinguishable. In those species grouped as Eudesmieae A, the operculum 
consists solely of the fused petals (Fig. 8, 2{a-d}). The primordia of the sepals, 
although relatively large in early stages of flower development, are soon arrested 
in growth and do not become fused laterally to each other or to the petal primordia; 
the latter do become fused at their edges or grow by a common basal meristem to 
form the operculum. The sepals are present in the mature flower as separate teeth 
at its orifice and they persist in this position on the fruit. E. tetrodonta F. Muell., 

E. tetragona (R. Br.) F. Muell., E. gamophylla F. Muell., E. odontocarpa F. 
Muell., and E. erythrocorys F. Muell., belong in this group. 

In the species of Eudesmieae B, separate petal and sepal primordia are present 
at the earliest stages of flower development but apical growth of these primordia 
is soon suppressed in favour of that of a tubular meristem, common to both whorls 
(Fig. 8, 3{a-d}). This meristem produces a tube at the mouth of which the sepal 
and petal primordia appear as separate tips. The greater part of the operculum is 
formed from this tube which must be regarded as derived from the congenitally 
concrescent bases of all the members of both perianth whorls. The only evidence 
in the mature flower of the initial presence of separate sepal and petal primordia, 
evident in very early stages of development, may be minute and indistinct lobes 
at the tip of the operculum (Fig. 8, 3{d}). The degree of concrescence varies with 
the species. The normal mode of development may be disturbed so that the growth 
of the individual primordia may be unusually prolonged. When this happens, as 
it frequently does in E. similis Maiden, E. lirata W. V. Fitzg. ex Maiden, E. 
baileyana F. Muell. and E. ebbanoensis Maiden, at least some of the sepals can 
be identified as distinct teeth on the mature flower bud. The petal primordia may 
also continue to grow independently of each other, producing bizarre outgrowths 
descending like streamers into the interior of the flower (Carr & Carr 1968). At 
the other extreme, in E. jucunda, E. miniata A. Cunn. ex Schau. and E. phoenicea 

F. Muell., the tip growth of the perianth primordia is arrested so early in flower 
development that their free parts are exceedingly minute and there is practically 
no possibility of demonstrating their presence in the mature flower bud. In E. 
jucunda , however, sepal lobes can sometimes be distinguished on the flower bud 
up to the stage when the bracts are shed. 

In the majority of buds of E. roycei the operculum has the mode of develop¬ 
ment and structure characteristic of Eudesmieae B (PI. 15, figs. 2 and 3). 
Occasionally buds are produced in which the perianth conforms more to the 
pattern of Eudesmieae A in that sepal teeth occur at the orifice of the mature 
flower (PI. 15, fig. 5). In other flower buds the structure of the operculum is 
intermediate and the outlines of individual sepals which are fused to the essentially 
petaline operculum can be made out (Fig. 3, PI. 15, fig. 4). 

In other characteristics E. roycei resembles members of the eudesmioid com¬ 
plex. The long, thin style, which in the unopened flower is coiled among the 
stamens, is like those of E. jucunda , E. miniata and E. phoenicea. The maximum 
number of longitudinal rows of ovular structures is 6. In this, and in the arrange- 
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ment of the ovules and ovulodes, E. roycei conforms to the general cudesmioid 
pattern. However, as shown above, there are features of its floral development by 
which it links Eudesmieae A and Eudesmieae B. 

We have shown elsewhere (Carr & Carr 1969) that the presence or absence 
of oil glands in the pith and bark (phloem) of eucalypts has considerable taxo¬ 
nomic significance and, in particular, that oil glands are found in both these tissues 
only in certain species of the eudesmioid complex. In that publication we showed 
that E. roycei (designated ‘New Species A’ because it had not at that time been 
described) has glands in both pith and bark. 

In inflorescence characters E. roycei is closest to E. jucunda. In both species 
the inflorescences appear to be simple. They are in fact compound (Fig. 8, 1 {a-c}). 
This is very obvious in those cases in which the internodes of the inflorescences 
elongate. However, the usual situation is that the three simple inflorescences, which 
together make up the compound one, remain sessile. The disposition of the bracts 
shows that the inflorescence is not a simple dichasium as the anterior and posterior 
positions are each occupied by a single bract (series 2 of the central inflorescence) 
(Fig. 8, l{c}). In the simple unit inflorescence characteristic of most eucalypts 
(including some members of the eudesmioid complex), the anterior and posterior 
positions are each occupied by paired bracts (series 3 in the normal dichasial 
sequence (Fig 8, l{a}) (Carr & Carr 1959) ). The lateral bracts of the general 
involucre of E. roycei and E. jucunda are equivalent to the bracts of series 1 in a 
simple dichasium. They subtend the lateral inflorescences. 

Chippendale (1969) places E. jucunda with E. pachyloma Benth., E. diversi - 
folia Bonpl., E. todtiana F. Muell. and E. patens Benth., in series Diversiformae 
(section Renantheroideae, Blakely 1965). As E. jucunda and E. roycei resemble 
each other closely, it is relevant to discuss the systematic position of E. jucunda 
at this point. In the members of Renantheroideae the operculum differs radically 
in structure and development from that of E. jucunda. In addition, the ovules and, 
in most cases, the ovulodes as well are in two longitudinal rows (Carr & Carr 
1962), the ovules and seeds are anatropous, matching those of Renantherae and 
Renantherae (Normales) as described by Gauba and Pryor (1959), the style is 
straight in bud, the inflorescence is simple. Finally, no species of Renantheroideae 
has glands in either the pith or the bark. E . jucunda has glands in both tissues 
(Carr & Carr 1969). It therefore appears that E. jucunda has no essential character 
in common with the members of Renantheroideae. On the other hand the struc¬ 
ture of its operculum, the placentation pattern, the ‘hemitropous’ seeds and other 
characters which have been discussed earlier bring it well within the limits of the 
‘eudesmioid complex’. 

Variation in size and shape of the buds and fruits of a single tree of E. roycei 
is usually small, compared with the variation from tree to tree. This reflects the 
very small size of the breeding population, which is further reduced by very large 
annual losses of flower buds, presumably due to drought, as judged by the paucity 
of flowering in the years 1966 and 1968, and the large numbers of dried, half- 
grown buds on the ground under the trees. The possibility of genetic drift in such 
a population is of course high and it may well be that this is a factor contributing 
to the variability of E. roycei in its single locality. The species thus offers an 
interesting problem in variation and evolution and it is to be hoped that the small 
population of trees will be preserved. The area in which it occurs is grazed and 
the vegetation in the vicinity has been burned from time to time. 
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Fig. 8 —1. Diagrams to illustrate structure of (a) simple unit inflorescence characteristic 
of many eucalypts, (b) compound inflorescence as in E. roycei and E. jucunda. The 
numbering of the flowers indicates the order of branching within the unit inflorescences. 
Flower no. 1 terminates an axis bearing two bracteoles, in the axils of which flowers 
no. 2 arc borne, and so on. In each diagram the presumptive positions of two additional 
flowers (to make 9-flowered inflorescences) are shown. 1 (c). Anterior view of a young 
inflorescence bud of E. roycei, indicating the bracts marked x and y of the diagram 
1 (b). 2 (a-d). Diagrams to illustrate floral development in Eudesmieae A. 3 (a-d). 

Diagrams to illustrate floral development in Eudesmieae B. p = petal, s = sepal. 
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Explanation of Plate No. 15 

Fig. 1—Leaf of E. roycei, to show venation (circa X 1). 

Fig. 2—Flower primordium, L.S. (X 200). s = sepal, p = petal. 

Fig. 3—Terminal flower primordium, T.S. (X 185). v = vascular bundle of sepal. 

Fig. 4—Flower of E.M.S. and S.G.M.C. No. 284, to show outlines of three sepal teeth (s) 
fused to the essentially petaline operculum (X 9). 

Fig. 5—Flower of E.M.S. and S.G.M.C. No. 284, showing a single free sepal, attached at the 
future orifice of the flower (x 7-2). 


Addendum 

In a previous publication (Carr & Carr 1963) we suggested the exclusion of 
E. lirata W. V. Fitzg. ex Maiden from series Eudesmieae mainly on the results 
of an examination of flower buds, presented to us by Mr C. A. Gardner and said 
by him to be of that species. We have since learned that they were, in fact, of 
E. cupularis C. A. Gardner. At that time no authentic flowering material of E. 
lirata was available to us. Since then, a number of collections including buds and 
flowers have been made and from these and from anatomical studies it is quite 
clear that the species should be regarded as a member of series Eudesmieae. It is 
hoped to publish a more detailed account, including an analysis of the flowers of 
E. lirata, in due course. 
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The Tabulate Coral Families Syringolitidae Hinde, Roemeriidae 
Pocta, Neoroemeriidae Radugin and Chonostegitidae Lecompte, 
and Australian Species of Roemeripora Kraicz 

By D. Hill and J. S. Jell 

Department of Geology, University of Queensland, St. Lucia 4067. 

Abstract 

The genera Roemeria Edwards & Haime, Roemeripora Kraicz (and its possible synonym 
Vaughanites Paul 1937, non Woodring 1928), Roemerolites Dubatolov, Armalites Chudinova, 
Pseudoroemeripora Koksharskaya, and Bayhaium Langenheim & McCutcheon are considered 
to have syringoporid affinities and to form a family Roemeriidae Pocta. 

The three Australian Lower or early Middle Devonian species Michelinia progenitor 
Chapman, Syringopora thomii Chapman and Roemeria ocelluta Hill are revised, transferred 
to Roemeripora, and considered probably synonymous. 

Pseudoroemeria Chekhovich and Syringoporinus Sokolov are possibly better grouped with 
Troedssonites Sokolov than in the Roemeriidae. 

Neoroemeria Radugin and Thecostegites Edwards & Haime have syringoporid affinities 
and are grouped in the family Neoromeriidae Radugin while Chonostegites Edwards & Haime, 
also with syringoporid affinities, is considered the sole member of its family Chonostegitidae 
Lecompte. Haimeophylliun Billings is shown to be a synonym of Chonostegites. Gorskyites 
Sokolov, Neosyringopora Sokolov and Roemeripora wimani Hcritsch form a group of Upper 
Carboniferous and Permian tabulates that appears to deserve syringoporid subfamily status. 

Syringolites Hinde is considered more closely related to Favosites than to Syringopora, 
and is treated herein as the only genus in the family Syringolitidae Hinde of the Favositoidea. 


Introduction 

The genera discussed in this paper form only minor elements in their associated 
faunas, and some species are represented in collections by only very few individuals. 
Consequently, range of variation within species is not well known, and this 
naturally reduces certainty about taxonomic relations. Fifteen specimens presently 
available from the one quarry, that at Cave Hill, Lilydale, Victoria, give us the 
opportunity to assess the variation between them. 

In searching for the correct generic assignment for these species, we have 
studied borrowed thin sections and photographs of several relevant type specimens 
and reviewed all relevant literature. 

The family position of many of the genera involved has been the subject of 
much discussion in the literature, and in essence turns mainly upon which charac¬ 
ters are to be regarded as favositid and which syringoporid. Historical summaries 
have been given by Weissermel 1897, Lecompte 1936, Heritsch 1939, and 
Chudinova 1964. 

For brevity, we have set out the conclusions of our study in the form of a 
series of diagnoses of families and genera and have given our reasons for so doing 
in the discussion following each taxon. The description of the Australian material 
will be found under the genus Roemeripora. 
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on relations within the group and on microstructure, to Mme I. I. Chudinova and 
V. N. Dubatolov. 

The registered numbers of specimens used in this paper are prefixed by the 
initials of the institutions in which they are housed, as follows: BM(NH) — British 
Museum (Natural History), London; GSV — Geological Survey of Victoria, 
Melbourne; MU — University of Melbourne; NMV — National Museum of Vic¬ 
toria, Melbourne; SU — University of Sydney; UQ — University of Queensland, 
Brisbane; UT — University of Tasmania, Hobart. 

Superfamily Favositoidea Dana 1846 

Nom. transl Hill & Jell, herein (e.r Favositidae Dana 1846);= order Favositida Wedekind 

1937, nom. transl. Sokolov 1950 and nom. correct Sokolov 1962 (ex *Favositacea 

Wedekind 1937); includes Multisolenida Fritz 1950. 

Diagnosis: Tabular, hemispherical, nodular or branching, cerioid coralla typic¬ 
ally without coenenchyme; corallites slender, with mural pores; septa short, equal, 
spinose, variable in number; tabulae typically complete. 

Range: Upper Ordovician to Permian. 

Family Syringolitidae . Waagen & Wentzel 1886 
Nom. transl. Sokolov 1950 (ex Syringolitinae Waagen & Wentzel 1886). 

Diagnosis: Tabular to hemispherical coralla with tightly contiguous prismatic 
corallites, the common walls with mural pores; septa represented by very short 
spines developed in radial rows on the upper surface of tabulae; tabulae infundi- 
buh'form, their downtumed axial edges forming a persistent axial tube which may 
bear spines and be crossed by small flat tabellae. 

Range: Silurian of Canada and Gotland, ? Lower Devonian of the Kuznetsk 
Basin, Siberia. 

Remarks: The cerioid corallum with circular mural pores through the common 
wall is a characteristically favositid feature. Infundibuliform tabulae, with the 
successive downturned axial edges forming an axial tube, are characteristically 
syringoporid; it is true that Tripp (1933) has shown that some Favosites forbesi 
Edwards & Haime from the Visby beds of Gotland develop groups of tabulae 
each with a median notch, but the notches are not prolonged into an axial tube. 
However, the axial tube of syringoporids is commonly diverted to open at a mural 
pore through which it is placed in communication with the similarly diverted axial 
tube of the neighbouring corallite. No such diversion is seen in Syringolites. Also, 
all known Ordovician and Silurian syringoporids are fasciculate with connecting 
tubules. On the other hand, the development of spines in radial rows on the tabulae 
is rare to absent in the Favositoidea. 

* Wedekind (1937) in classifying the Foraminifera consistently used the suffix -oidea for 
orders and -acea for suborders. He did not specifically name as orders or suborders the coral 
taxa to which he gave these same endings, but we consider it reasonable to assume that he 
was consistent here also. 
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Obviously there can be no certainty that the Syringolitidae are correctly placed 
under the Favositoidea, but they seem to us better referred there than to the 
Syringoporoidea. 

Genus Syringolites Hinde 1879 
Syringolites Hinde 1879, p. 244. 

Type Spcies (by original designation): S. huronensis Hinde 1879, ‘not un¬ 
common in the Niagara dolomite (Wenlock), near Manitouwaning, Great Mani- 
toulin Island, Lake Huron.’ This we take to refer to the Manitoulin Dolomite of 
Llandoverian age. 

Diagnosis: Cerioid coralla with mural pores through the common walls of the 
small corallites; with septal spines developed in radial rows on the upper surfaces 
of the tabulae; tabulae widely spaced, infundibuliform, the axially downturned 
edges forming a continuous and regular axial tube crossed by small flat or saucered 
tabellae; the axial tube not diverted to open into a mural pore. 

Range: Type species, Llandoverian (Manitoulin Dolomite) of Ontario, 
Canada. S. kunthianus (Lindstrom 1896) Silurian (Visby marls to Hcmse Group) 
of Gotland, and Wenlockian (upper part of Jaani horizon) of Estonia. Dubatolov 
(1963) doubtfully referred to the genus some subcylindrical coralla from the 
Siegenian? upper part of the Krekov beds of the Kuznetsk Basin, Siberia. 

Remarks: Lindstrom (1896) and others considered Roemeria a synonym of 
Syringolites. But the thick walls of Roemeria , the slight distal divergence of its 
corallites, and the occasional diversion of the axial tubes of neighbouring corallites 
to communicate through a mural pore leads us to regard it as a distinct genus, 
referable to the Syringoporoidea. 

Syringolites huronensis Hinde 1879 
(PI. 16, fig. 1-4) 

Syringolites huronensis Hinde 1879, p. 246. 

Lectotype (here chosen): BM (NH) R19949, marked ‘a’ in rectangular 
blue edged label, G. J. Hinde coll., Manitouwaning, Manitoulin Island, Georgian 
Bay, Ontario, Canada. This wc take to be the original of Hinde's 1879, fig. A on 
p. 246 and have figured herein PI. 16, figs. 2a, 2b. BM (NH) R19950, from the 
same locality, and similarly marked *b\ we take to have been used for the drawing 
of the calice in Hinde’s fig. B, and BM (NH) R19947, similarly marked ‘c\ we 
take to have been used for the drawing of Hinde’s fig. c. We have sectioned this 
last specimen and give photographs in our PI. 16, fig. 3a-f. Other, probably syn- 
type, material from the G. J. Hinde collection from the same locality is now in 
the BM (NH) collections, numbered R19946, 19948. R19983-4, 19986-91 are 
however referred not to Manitouwaning, but to Manitoulin Island only. All the 
material is silicified. Hinde gave ‘Niagara dolomite (Wcnlock)’ as the origin of 
the type material; this we interpret as the Manitoulin Dolomite of Llandoverian 
age. 

Diagnosis: Tabular cerioid Syringolites; each corallite with centric or sub¬ 
centric wide and persistent axial tube formed by the junction of the downturned 
axial parts of each tabula with the tabula below. 

Description: The corallum is cerioid, growing in large flattened masses with 
a basal epitheca. The corallites are polygonal, commonly six-sided, each side wall 
somewhat wavy in the vertical plane, and small, 18 to 2 5 mm in diagonal 
diameter in presumably adult corallites. The common walls are thin (014 mm) 
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Fig 1—Distribution of Syringolites: 1. Roemeria, 2. Roemeripora. 3. Roemerolites, 4. Armalites, 5. Pseudoroemeriporci, 
6. *Vaughanites’, 7. Bayhaium, 8. Pseudoroemeria, 9. Thecostegites, 10. Neoroemeria, 11. Chonostegites, 12. as discussed 
in text; * indicates type locality of type species of a genus. LI — Llandoverian, W — Wenlockian, L — Ludlovian, Ge 
— Gedinnian, S — Siegenian, E — Emsian, C — Couvinian, G — Givetian, Fr — Frasnian, Fm — Famennian, T 
— Tournaisian, V — Visean, N — Namurian, Wo — Wolfcampian. 
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and silicification has obscured their original microstructure, though traces of the 
median dark line, are visible here and there in the sections. Mural pores are 
rounded, not very regularly arranged in two roughly alternating longitudinal series 
on each side wall of average width. They range in diameter from 0 13 to 0 2 mm. 
No pore-diaphragm has been noted, but some of the pores may have a low raised 
rim, as indicated, perhaps too strongly, in Hinde’s fig. D. No evidence of separa¬ 
tion of neighbouring corallites has been found so that there is never any sign of 
connecting tubules. Septa are represented on the upper surfaces of the tabulae 
(including the inner surfaces of the axial tube) by short spinules arranged in 
radial rows. Hinde estimated the number of these rows to reach the axial tube as 
being about 12, with shorter rows between. Where they could be counted there 
seem to be twelve raised areas, on which the radial rows of septal spinules are 
based, each area separated from its neighbour by a narrow and shallow groove; 
on some of the radial areas the main radial series of spinules may be supplemented 
by additional irregularly alternating smaller spinules, as in some Cystiphyllum 
(PI. 16, fig. 1). We have not been able to establish any consistent alternation of 
long and short septa. The spinules on the tabulae are circular in cross-section and 
blunt, tapering from 0 15 to 0 10 mm at their base to 0 05 to 0 03 mm at their 
distal’ends; they are seldom longer than 0 2 mm. In the axial tubes some of the 
spinules arc thinner—0 05 at their base tapering to a sharp point, and longer— 
up to 0-28 mm. Spinules are very rare and small on the side walls between tabulae. 
The tabulae are large, simple, infundibuliform plates, subhorizontal or slightly 
arched at the periphery, then curved downwards rather sharply to form the axial 
tube. Supplementary tabellae are seldom seen. The distance between tabulae ranges 
from 0 5 to 10 mm, the general impression being one of fairly even spacing. 
The axial tube is formed by the cohesion of the downtumed axial prolongation 
of one tabula with the underlying tabula at its sharp change of slope. The tubes 
are fairly constant in width, ranging from 0 5 to 0-8 mm; and are placed centrally 
or subcentrally in the corallite. No instance of a divergence of a tube to open into 
that of a neighbouring corallite through a mural pore has been noted, though 
carefully searched for."Horizontal or gently saucered tabellae may cross the tube 
and are widely spaced. 

Remarks: The species Roemeria kunthiana Lindstrom (1896, PI. 2, figs. 19- 
25; PI. 3, fig- 26-30) from the late Llandoverian to early Ludlovian (Visby marls 
to Hemse Group) of Gotland differs in its sometimes lumpy to subhemispherical 
form and, more significantly, in the commonly excentric position of its axial tube. 
Septal spinules are noted springing from the inner surface of the wall as well as 
from the upper surfaces of the tabulae which arc more closely spaced than in the 
type species, and some of which are incomplete. The corallites have an average 
diameter of 2 mm. Klaamann (1964, PI. 21, fig. 1-5) has described this species 
from the Wenlockian upper Jaani stage of Saaremaa, Estonia. 

S.l indistinctus Dubatolov (1963, PI. 21, fig. 2a-v) from the Siegenian? 
Krekov Beds of the Kuznetsk Basin, Siberia, has a much less perfect axial tube 
and can only very doubtfully be referred to the genus. 

Superfamily Syringoporoidea Nicholson 1879 

Norn transl. Hill & Jell, herein (ex Syringoporinae Nicholson 1879; = order Syringoporida 

Sokolov 1947, nom. correct. Sokolov 1962 (pro Syringoporacea Sokolov 1947). 

Family Roemeriidae Pocta 1904 
Roemeriidae Pocta 1904 (fide Sokolov 1955, p. 324). 

Diagnosis: Encrusting, discoid or branching; corallites adpressed and prismatic 



176 


D. J. HILL & J. S. JELL 


with mural pores or canals, but more or less divergent peripherally, when external 
transverse wrinklings in the thickened walls outline tunnel-like spaces into W'hich 
wall pores open, so that communication between neighbouring corallites is retained; 
wall microstructure syringoporoid—primarily of ‘fibres’ of CaCOg normal to the 
epitheca, and including septal spinules in longitudinal and radial rows; the spinules 
may project into the tabularium and also may be developed on tabulae; in dia- 
genesis the fibrous nature may be obscured, and, additionally, growth lamination 
may be so emphasized that lamellar’ sclerenchyme results, in which the septal 
spinules appear as holacanths; tabulae thin, horizontal or concave or infundibuli- 
form, with the notches in places elongated proximally to form a syrinx, which may 
divert from the axis to a mural pore so that communication is attained between 
the tubes of some neighbouring corallite. 

Range: Latest Ludlovian or Skalian to Lower Permian. 

Remarks: We have herein split this family off from the Syringolitidae which 
we leave in the Favositoidea on the grounds that Syringolites itself shows only one 
syringoporoid feature—the axial syrinx—and this we take to be a homeomorphic 
development. Its thin walls and its numerous rounded mural pores are favositoid, 
the syrinx never diverts to communicate with that of a neighbour through a mural 
pore, and so far as we have been able to ascertain its corallites never diverge 
peripherally. On the other hand the genera which we have grouped in the Roe- 
meriidae have in common the features we have set out in the diagnosis above. 

Genus Roemeria Edwards & Haime 1851 
Roemeria Edwards & Haime 1851, p. 152, 253. 

Type Species (by monotypy): R. infundibulifera (Goldfuss), Edwards & 
Haime 1851, p. 152, 253; = Calamopora infundibulifera Goldfuss 1879, p. 78, 
PI. 27, figs, la, b. Middle Devonian; Eifel district and Bensberg, Germany. 
Lecompte (1936, PI. 12) figured the only one of Goldfuss’ syntypes now at Bonn 
(Goldfuss Collection No. 258) and remarked that possibly the thin section figured 
by Lindstrom (1896, PI. 3, fig. 30) was cut from a second syntype loaned to 
Lindstrom by Schliiter. SchlUter (1889, p. 100) stated that neither of the two 
syntypes then in Bonn were labelled ‘Bensberg’, so it must be presumed that the 
original of Lecompte’s 1936, PI. 12, which we must take to be the lectotype, was 
from the Eifel. This specimen was chosen as lectotype by Chernyshev (1951, 
p. 69). 

Diagnosis: Cake-shaped cerioid coralla, with unequal small polygonal coral¬ 
lites of which some may cease to join tightly at the periphery of the corallum, 
giving in places circular calices; walls thickened, with sporadic mural pores; septal 
spines absent, or perhaps represented by radial dark lines in the wall thickening; 
tabulae simple, infundibuliform, a very slender axial or excentric tube being 
formed by the proximally produced parts of the funnels. 

Remarks: Lecompte, in studying Goldfuss’ specimen, described the calcareous 
lining to the median dark line as showing two zones of microstructurc—a peri¬ 
pheral zone vaguely fibrous, perpendicular to the axis, and an axial more or less 
longitudinally laminate. He thought this a character of generic value. We are un¬ 
convinced that the lamination is significant; it might be artefactual. We think the 
appearance of the walls in Goldfuss’ specimen could well have been induced by 
diagenesis of a syringoporid type of wall, formed primarily of ‘fibres’ of CaCO s 
at right angles to the epitheca. 

In the upper right-hand sector of Lecompte’s 1936, PI. 12, fig. la, there is 
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an appearance as if the axial tubes of two neighbouring corallites are in com¬ 
munication through a mural pore. Such communication is a syringoporid feature, 
and if actually present indicates that Roemeria is better referred to the Syringo- 
poroidea than to the Syringolitidae. 

However, Lecompte’s PI. 12, fig. le, suggests as does Lindstrom’s 1896, PI. 3, 
fig. 30, that offsets originate in the calice of the parent and not from the mural 
pores or connecting tubes as in the Syringoporoidea. Calical budding seems to 
occur also in the specimens referred to Roemeria infundibulifera by Chernyshev 
(1951, p. 69, PI. 18, figs. 3, 4) from the Eifelian of the R. Salairka, Kuznetsk 
Basin. In the Gotland species S. kunthianus the offsets figured arise intermurally 
at the angle between 4 corallites. 

Schliiter (1889, PI. 9, figs. 2, 3 and 4) figured syntypes of his R. minor from 
the Middle Devonian of the Schmidtheim syncline in the Eifel showing diverging 
cylindrical corallites and also communication of the axial tubes of neighbouring 
corallites through mural pores. This latter feature is figured also by Nicholson 
(1889, figs. 2, 3 on p. 435). Both of these characters are typically syringoporid. 
In Syringolites only the lumina outside the axial tube are placed in contact by 
the mural pores—not the tubes themselves. 

Roemeria macropora Stepanov (1909, PI. 1, fig. 5a-b (not seen by us) from 
the [?Lower] Devonian, north-east Pre-Balkhash, is considered by Dubatolov 
(1963, p. 170) to be a species of Pseudoroemeria Chekhovich 1960, q.v. below). 

R. maxima Chernyshev (1951, PI. 18, fig. 5-6) from the Eifelian of the R. 
Chumysh in the Kuznetsk Basin, might be either Roemeria or Roemeripora from 
the illustrations. 

Range: Middle Devonian of Germany and Eifelian of the Altai-Sayan, Central 
Asia. 

Genus Chonemblema Say in Keating 1824 

Type Species (by monotypy): C. intricata Say in Keating 1824, p. 253, PI. 14, 
figs. 1, la [? Silurian or ? Devonian, ? Great Lakes Region], N. America. ’ 

Keating’s description and figures suggest that the type species is referable to 
one of the genera Syringolites, Roemeria, Roemeripora, or Syringpora. The figures 
alone suggest Syringolites. On the other hand, Keating described the corallites as 
cylindrical and separated by nearly the distance of their diameters—features that 
suggest Roemeripora or Syringopora. He stated that the 'lateral openings’ were few 
in number and the ‘siphuncles’ (axial tubes) of neighbouring corallites occasion¬ 
ally inosculated through the walls. These characters recalf Roemeripora rather 
than Syringolites, but the wide separation of the corallites indicated above is 
commoner in Syringopora than in the Roemeriidae. 

Professor J. W. Wells who drew our attention to this genus has been unable 
to establish the location of the type specimen or its provenance. We treat the 
generic name as a nomen oblitum. 

Genus Roemeripora Kraicz 1934 

Roemeripora Kraicz 1934, p. 45. 

Possible Synonyms (discussed separately below): Vaughanites Paul 1937, 
p. 110, non Woodring 1928, p. 200 (a Miocene gastropod); Roemerolites Duba¬ 
tolov 1963, p. 58; Armalites Chudinova in Dubatolov 1963, p. 62; Chudinova 
1964, p. 63; Pseudoroemeripora Koksharskaya 1965, p. 88; Bayhaium Laneenheim 
& McCutcheon 1959, p. 99. 
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Type Species (by original designation, Kraicz 1934, p. 45): Roemeria bo - 
hemica Barrande in Pocta 1902, p. 262, PI. 102, figs. 9, 10; PI. Ill, fig. 21-25; 
PI. 116, figs. 11, 12, from the Lower Devonian [Pragian] f2 [Upper Koneprus 
Limestone], Koneprus, Czechoslovakia. 

Diagnosis: Corallum cerioid; corallites prismatic or, when slightly divergent, 
cylindrical; peripheral stercozone present transversely wrinkled externally (when 
corallites not tightly adpressed); septal spines holacanthine, in lamellar scleren- 
chyme of stereozone in numerous radial longitudinal series and on tabulae; tabulae 
thin, complete, or more commonly incomplete, horizontal, concave, or infundi- 
buliform grouped in relation to pore-canals (or to connecting tubules that lie in 

the external wrinkles of the wall). Offsets arise from the openings of pore-canals. 

Range: Lower Devonian of Czechoslovakia, the Kuznetsk Basin, Victoria, 
New South Wales and New Zealand; Lower Middle Devonian of Queensland; 
Upper Middle Devonian of Kuznetsk Basin; ?Lowcr Carboniferous of Novaya- 
Zemlya. We do not consider Roemeripora wimani Heritsch 1939 from the Lower 
Permian of Spitzbergen and of Devon Island to be congeneric with R. bohemica ; 
see below. 

Remarks: Weissermel (1897), Pocta (1902) and Kraicz (1934) have all 
given descriptions of specimens from the Koneprus Limestone which we take to 
be conspecific with the lectotype (chosen Dubatolov 1963, p. 60, as the specimen 
figured by Pocta 1902, PI. 102, figs. 9, 10). These differ from Roemeria infundi - 
bulifera in the greater emphasis on the not uncommon divergence of corallites, in 
the relative abundance of mural pores, in the grouping of the tabulae in relation 
to the mural pores and in the strong development of septal spinules, which in 
Roemeripora bohemica as in other species of the genus are nearly always visible 
in and projecting from the thick walls. In Roemeria infundibulifera the offsets 
originate in the peripheral parts of the calice whereas in Roemeripora bohemica, 
as in all the Australian specimens referred to Roemeripora , they commonly develop 
from the openings of the pore-canals. The transverse external wrinkling of the 
walls mentioned by Pocta and very apparent in the Australian species described 
below, has not been mentioned as occurring in R. infundibulifera. 

While the range of variation in R. infundibulifera remains unknown, we cannot 
be sure that Roemeria and Roemeripora are not the same genus, but for the time 
being we consider them to be separate, with the characters given in the diagnosis 
above. 

It seems to us that Roemeria minor Schluter 1889 is probably better considered 
to be a species of Roemeripora as above defined, and we tentatively transfer it 
thereto. 

Dubatolov (1963, PI. 22, fig. 3; PI. 23, fig. 1) has referred to R. bohemica 
specimens from the Krekov beds of the Kuznetsk Basin, Siberia. Dubatolov (1959, 
PI. 19, fig. 2; PI. 20, fig. 2; PI. 72, fig. 3) described R. tomensis sp. nov. from the 
?Zaruba beds of Givetian age in the Kuznetsk Basin. He did not mention any 
divergence of the corallites, but his PI. 19, fig. 2a, shows it. 

The specimens from the Lower Devonian Malobachat beds and the early 
Middle Devonian Salairka beds figured by Bulvanker (1958, PI. 77, fig. 2; PI. 78, 
fig. 1-2) as Loyolophyllum breviseptatum sp. nov. appear to be Roemeripora, 
though the photographs show no signs of external wrinkling of the walls, and but 
little evidence of divergence of the corallites. 

Roemeripora aisenvergi Vasilyuk (1960, p. 27, PI. 2, fig. 1-lc; PI. 3, fig. 1-ld) 
from CVa (=Zone d’Etroeungt) of the Donetz Basin has relatively thin-walled 
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corallitcs that do not diverge, and that have incomplete as well as complete tabellae 
peripherally. 

Syringopora javositoides Vaughan (1915, p. 34, PI. 5, figs. 2a, b) from the 
Lower Carboniferous 8 horizon (top of C 2 or bottom of Si sublaevis limestone) 
of Avesnes district, north-eastern France, was named the type species of Vaughan- 
ites, a new subgenus of Syringopora, by Paul 1937, but this name was pre-occupied 
by Woodring (1928, p. 200) for a Miocene gastropod. A thin section of the 
holotype El 1401, Sedgwick Museum, of S. javositoides is refigured herein, PI. 1, 
fig. 5. Its slender polygonal corallitcs are almost contiguous, the axial tubes are 
fairly regularly developed and open into one another through mural pores and 
short connecting irregular tubules. It might well be included in Roemeripora; its 
fine septal spinules and the rather regular nature of its axial tube are very similar 
to those of both Roemeripora and Syringopora. 

Smirnova (1957) referred new species from Novaya-Zemlya to Roemeripora 
— R. terraenovae (Upper Famennian or Lower Toumaisian), R. galovanovi (Tour- 
naisian), R. arctica and R. fenitima (Visean-Namurian). 

Roemeripora dara Kachanov (1964, p. 28, PI. 7, fig. 4) from the base of the 
upper Visean of the eastern slopes of the southern Urals has incomplete peripheral 
tabellae, large mural pores and corallites divergent in parts of the corallum. 

Heritsch (1939) referred an early Permian species to Roemeripora — R. wimani 
Heritsch (1939, PI. 8, fig. 4; PI. 17, figs. 4, 5; PI. 20, figs. 23, 24; PI. 21, fig. 1-3) 
from Spitzbergcn (Gips Hook, and Isfjord, Gips Bay), as also did Padget (1954) 
—Inner Isfjorden, Harker (1960, PI. 14, figs. 6, 7)—Belcher Channel Formation, 
Grinnell Peninsula, Devon Island, Canadian Arctic and Dubatolov (1963, p. 170) 
—southern Timan. This species shows very numerous tabellae, including an irregu¬ 
larly developed peripheral series resembling dissepiments; it also shows grouping 
of other tabellae in relation to the mural pores. It lacks the peripheral stereozone 
of Roemeripora bohemica, and its fine texture and the abundance of tabellae 
suggest that it might perhaps be more closely related to the Carboniferous and 
Permian genera Gorskyites Sokolov (1955) and Neosyringopora Sokolov (1955) 
than to Roemeripora ; owing to lack of Permian material we cannot pursue this 
possibility further. Sokolov considered his two genera to be syringoporids, but their 
tabellar structure suggests the possibility of relationship to the micheleniids. 

Roemeripora progenitor (Chapman) 1921 
(PI. 17, fig. 1-6; PI. 18, fig. 1-3; PI. 19, figs. 1, 2, 4, 5) 

Michelinia progenitor Chapman 1921, p. 220, PI. 9, figs. 7, 8. 

? Syringopora thomii Chapman 1921, p. 222, PI. 10, fig. 14. Holotype (by original designation) 

NMV PI3193 with thin sections PI7898-9, Loyola, near Mansfield, Victoria. Figd. 

Chapman 1921, PI. 10, fig. 14; herein PI. 17, fig. 2a-d. 

Roemeria o cell at a Hill 1950, p. 159, PI. 9. figs. 35a, b. Holotype (by original designation) 

MU 1955, with thin sections 642, 643. upper Murrindal Beds, Rocky Camp, Buchan, 

Victoria. Figd. Hill 1950, PI. 9, figs. 35a, b; herein PI. 18, figs. 4a, b. 

? Roemeria sp. Hill 1950, p. 159, 160, PI. 19, figs. 36a, b. 

? Roemeria thomii (Chapman); Philip 1962, p. 169, text-fig. 3, PI. 20, figs. 3, 4. 

Roemeripora sp. cf. ocellata (Hill); Hill, Playford & Woods 1967, p. d8, PI. D4, figs. 5a, b. 

Holotype (of R. progenitor by original designation): NMV P13189 with thin 
sections PI7896-7, Cave Hill, Lilydale, Victoria; figd. Chapman 1921, PI. 9, figs. 7, 
8; herein PI. 17, fig. la-d. 

Diagnosis: Cerioid or partly fasciculate coralla of large corallites each with 
thick peripheral stereozone that may be deeply transversely wrinkled externally; 
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septa represented by holacanths in vertical and horizontal series embedded in the 
lamellar sclerenchyme of the stereozone, but some are based on the tabulae; tabulae 
thin, incomplete, infundibuliform or with syrinx that may be crossed by transverse 
tabellae; communication between neighbouring tabularia or frequently between 
neighbouring syrinxes, by sparse pore-canals in cerioid parts of the coralla or by 
connecting tubules that lie within the transverse external folds of the stereozone 
in fasciculate parts. New individuals arise through the pore-canal or from an 
incompletely connecting tubule. 

Description of the Holotype: This is a mainly cerioid fragment of a colony, 
the adult corallites are 4 mm or a little less in diameter, and are laterally con¬ 
tiguous for the most part, but not tightly so, most of them having partly rounded, 
partly polygonal transverse sections; narrow gaps between corallites occur only 
partly filled by coarse transverse rugae projecting from the stereozoncs of neigh¬ 
bours. In cerioid parts the common wall is about 0 75 mm thick; in the fasciculate 
parts the stereozone is about 0 3 mm thick where wrinkles are not present but may 
be considerably more where a wrinkle is transected. The transverse wrinklings 
are clearly seen to the left of centre in the lower half of PI. 17, fig. 2d. The 
epitheca of each corallite shows as a dark line, and the tissue of the wall inside 
the epitheca consists of sclerenchyme showing very fine growth lamination inter¬ 
rupted by holacanths (spiniform trabeculae in which no fibrosity can be dis¬ 
tinguished) that rise almost from the epitheca, arc directed inwards and slightly 
upwards, and project very slightly beyond the inner surface of the stereozone. 
They are arranged in numerous longitudinal series, and those of neighbouring 
series are approximately opposite. Some short, thin holacanths are observed based 
on the tabulae. The tabulae are predominantly incomplete, but a completely 
transverse tabula is seen just below the position of a pore-canal. 

The thin, incomplete tabellae are arranged like one or two series of dissepi¬ 
ments in the peripheral parts of the corallites, leaving an axial part like the syrinx 
of syringoporoids that may be crossed by small thin tabellae; the syrinx would 
appear not to be continuous nor always axial throughout the corallite, but to curve 
and open into and through one or other of the pore-canals so that the syrinxes 
of neighbouring corallites become continuous. Such pore-canals are large and 
sparse, only one being intersected in the three thin sections prepared from the 
holotype. 

Other Specimens from Lilydale: Fourteen specimens of Roemeripora , in 
addition to the holotype of R. progenitor , are now known from Lilydale and these 
show considerably more variation than was previously suspected. In eleven, the 
dimensions of the corallites are approximately the same as in the holotype, the 
average corallite diameter within a corallum varying from 3 0 to 4 0 mm. There 
is a wide range in the proportion of contiguous and partly or wholly prismatic 
corallites to free cylindrical corallites. In internal characters and microstructure 
the eleven all appear conspeeific with the holotype and all show pronounced 
external wrinkling of the wall. The thickness of the common wall in the cerioid 
parts of these specimens varies from 0 7 to 1*5 mm; in the fasciculate parts the 
stereozone ranges from 0-26 to 0 66 mm where wrinkles are absent and up to 
1*33 mm where wrinkles are prominent. Variation in the spacing of the pores is 
considerable; in NMV P15799 they are developed at definite levels within the 
corallum. The development and spacing of the holacanths in vertical and horizontal 
series within the stereozone are very irregular. Spines are sometimes developed 
within the syrinxes and the connecting pore-canals. The tabulae in some coral- 
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lites are sparser than in the holotype with one series developed so that their 
inner edges flank the syrinx. In specimens with closely spaced connecting pores 
tabellae become crowded between pores and both their upper and lower edges are 
based on the inner surface of the stereozone. The microstructure of the stereozone 
and spines and the mode of increase of the corallum are syringoporoid in all 
specimens. 

Three specimens from Lilydale, NMV PI5784, P26041-2, are distinguished by 
the large size of their corallites, which are predominantly prismatic except near 
and at the upper surface of the colony where they grow free, becoming cylindrical 
(PI. 18, fig. 3a). The average diameter of adult corallites within a corallum is 
5*2 to 6 8 mm. The common wall in these specimens varies from 0 8 to 13 mm 
in width. In all other features they are within the range of variability shown by 
the specimens with smaller corallites and qualitative distinction cannot be made 
between the two groups. 

Remarks on Specimens from Other Localities: The holotype of R. ocel¬ 
lata Hill from the Upper Murrindal Limestone of Rocky Camp, Buchan, in its 
predominantly cerioid habit and size of corallite resembles the three larger speci¬ 
mens from Lilydale. It differs only in that the common wall between corallites is 
much thinner: 0 5 mm compared with 0-8 to 1*3 mm in the Lilydale specimens. 
Two additional specimens from the lower Murrindal Limestone at Rocky Camp 
are now known to us. In corallite size (average diameter 4-4 mm), in proportion 
of contiguous, prismatic corallites to free cylindrical corallites and in thickness of 
the common wall between contiguous corallites (0 66 to 0-9 mm), they are inter¬ 
mediate between the holotypes of R. progenitor and R. ocellata. 

UQ F36329, a specimen with large corallites from the Douglas Creek Lime¬ 
stone of Douglas Creek, Clermont, Queensland, figured as Roemeripora sp. cf. 
ocellata in Hill, Playford & Woods (1967, PI. D3, figs. 5a, b) has a predominantly 
prismatic habit but some corallites have curved faces. The corallites vary from 
3-5 to 5-3 mm, average 4 5 mm in diameter and the width of the common wall 
between contiguous corallites varies from 0-6 to 10 mm. Another specimen (UQ 
F50606) from the Jesse Limestone of the Limekilns, 17 miles north of Bathurst, 
New South Wales, shows the same habit and the same corallite size. Neither 
specimen shows distinctive characters and both appear intermediate between the 
holotypes of R. progenitor and R. ocellata. 

Thus the variation in the material at hand suggests that R. ocellata (Hill) is 
synonym of R. progenitor (Chapman) and that the stratigraphic range of R. 
progenitor may be considerable. 

Only the holotype of Syringopora thomii Chapman is known to us from Loyola. 
Cylindrical corallites predominate, contiguous in places. It closely resembles several 
of the group of specimens from Lilydale characterized by small corallites, in all 
save the slightly larger diameters (3*6 to 4 7 mm, average 4 0 mm) of its coral¬ 
lites. It seems to us very probable that, when a range of material from Loyola 
becomes available, S. thomii will prove to be a synonym of R. progenitor. Philip 
(1962, p. 169, text-fig. 3, fig. 3-4) referred to Roemeria thomii two specimens 
that have average corallite diameters of 4-5 mm and are predominantly cerioid, 
although some corallites have curved sides and are loosely united. 

In a small specimen (GSV 47767) from the Cave Limestone, Loc. 97, Buchan, 
Victoria, figured as Roemeria sp. by Hill (1950, PI. 9, figs. 36a, b) the corallites 
are much smaller (adult diameters from 2 5 to 3 5 mm) than in the other Buchan 
specimens of Roemeripora. In corallite diameter it compares closely with one of 
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the Lilydale specimens (NMV P13875) that we have referred to R. progenitor 
A poorly preserved specimen (UQ FI0273) from the Garra Formation, Welling¬ 
ton district, New South Wales, is very similar to this Buchan specimen and both 
are somewhat doubtfully referred to R. progenitor. 

One specimen, SU P28200, PI. 19, fig. 4, collected and loaned to us by Dr 
B. Webby of the Sydney University from the Emsian or early Couvinian Recfton 
Limestone near Recfton, New Zealand, is similar to the group of Lilydale speci¬ 
mens with the smaller corallites. 

Range: Lower-? Middle Devonian of eastern Australia and New Zealand The 
species is known from the Coopers Creek Formation at Tyers, the Loyola Lime¬ 
stone, the Lilydale Limestone, the Buchan Caves Limestone and the Murrindal 
Limestone of Victoria, the Jesse Limestone and Garra Formation of New South 
Wales, the Clermont Limestone of Queensland and the Reefton Limestone of New 
Zealand. 

Philip & Pcdder (1968) regard the Coopers Creek Formation and the Loyola 
and Lilydale Limestones as early Siegenian, and the Buchan Caves, Murrindal 
Limestones and Garra Formation as late Siegenian? to early Emsian. However 
we consider the evidence accords equally well or better with a Pragian (late 
Siegenian to early Emsian) age for the first three limestones, and an Emsian or 
early Couvinian age for the Buchan Caves, Murrindal, Jesse, Clermont and Reefton 
Limestones and the middle and upper parts of the Garra Formation. 


Roemeripora sp. A 

(PI. 19, fig. 3) 

A thin specimen (UQ F5072I) from the early Couvinian? base of the China¬ 
man Creek Limestone Member, Broken River Formation, 3 miles north of Pan- 
danus Creek Homestead, North Queensland, and from which only one thin section 
was obtainable, resembles R. progenitor in size of corallites—3 1 to 4*5 mm in 
diameter. The corallites are cylindrical with walls up to 0 43 mm in thickness- in 
transverse section they are seen to be joined by thin tabulae developed in platform- 
like expansions of the wall. The inner tubes of neighbouring corallites communicate 
through pore-canals. Spinules are developed within the stereozone of the wall and 
on the tabulae. Offsets appear to arise from the periphery of mature corallites. 
This form probably represents a species distinct from the other Australian roemeri- 
pores. 

Genus Roemerolites Dubatolov 1963 

Type Species (by original designation): Roemerolites bcitschatensis Dubatolov 
1963, p. 59, PI. 2, figs. 1, 2. Holotype, example 54 of collection No. 72 in the 
Geological Museum of the Institute of Geology and Geophysics of the Siberian 
division of the Academy of Science of the USSR, Novosibirsk. This specimen 
figured Dubatolov loc. cit., fig. la-g, is from the middle part of the Salairka beds 
of the Eifehan stage of the left bank of the R. Chernevoy Bachat, below Gur evska 
on the south-west flank of the Kuznetsk Basin. 

Diagnosis: Corallum dendroid, but slender corallites contiguous and partly 
prismatic in early stage and in patches later; corallites with peripheral stereozone 
in which septal spinules are developed; tabulae very thin, irregularly infundibuli- 
form or concave; syrinx of neighbouring corallites may be continuous through 
pore-canals or connecting rounded tubules; offsets arise through openings of the 
pore-canals. 
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Range: Lower Middle Devonian (Salairka beds), Kuznetsk Basin, Siberia. 

Remarks: From the diagnosis this genus would appear to differ from Roemeri¬ 
pora only in the degree to which the corallites become divergent, so that it would 
seem reasonable to merge Roemerolites in Roemeripora. But Dubatolov’s illustra¬ 
tions suggest that his type species might be even closer in its internal morphology 
to some species placed without doubt in Syringopora. Such difficulties of homeo- 
morphology can only be properly resolved by study of the Kuznetsk material itself. 
We have herein placed the genus doubtfully in the synonymy of Roemeripora. 

Genus Armalites Chudinova in Dubatolov 1963 

Armalites Chudinova in Dubatolov 1963, p. 62. 

Armalites Chudinova 1964, p. 63. 

Type Species (by original designation): Armalites novellus Chudinova in 
Dubatolov 1963; Chudinova 1964, p. 65, PI. 32, PI. 33, fig. 1. Holotype, Paleonto¬ 
logical Institute of the Academy of Science of the USSR, Moscow, No. 1396/2586, 
from the Eifelian Shanda horizon, left bank of R. Ur, upriver from Novopesterevo, 
Kuznetsk Basin, Siberia, figured Chudinova 1964, loc. cit., herein PI. 19, figs. 6a, b. 

Diagnosis: Dendroid to sub-cerioid, with peripheral stereozone transversely 
wrinkled externally; septal spinules long, holacanthine, immersed in lamellar 
sclerenchyme of the stereozone in numerous radial longitudinal series and on the 
tabulae. Tabulae thin, infundibuliform with discontinuous syrinx; pore-canals de¬ 
veloped when corallites are contiguous, connecting tubules otherwise. 

Range: Lower Middle Devonian, Salairka and Shanda Beds, Kuznetsk Basin. 

Remarks: The genus was placed in the Syringolitidae with Roemeria } Roe¬ 
meripora and Roemerolites by Dubatolov, but Chudinova (1964) isolated it from 
these and referred it to the Syringoporidae, because of the similarity of the form 
of its corallum and the microstructure of its corallite walls and septal spinules. 
In our opinion, Roemeripora and Roemerolites have microstructure fundamentally 
similar to that of Armalites though less sharply expressed, and we find ourselves 
unable to refer only one of these genera to the syriugoporids. Our study of the 
Australian Roemeripora indicates that Syringopora thomii Chapman, which shows 
microstructurc identical to that of Armalites , lies within the range of variation of 
Roemeripora progenitor (Chapman). In considering Armalites we have been 
greatly assisted by photographs of the holotype of the type species sent to us by 
Mme Chudinova and also by her comments and those of M. Dubatolov on photo¬ 
graphs of Australian species we sent them. 

Genus Pseudoroenieripora Koksharskaya 1965 
Pseudoroemeripora Koksharskaya 1965, p. 88. 

Type Species (by original designation): Pseudoroemeripora lenaica Kokshar¬ 
skaya 1965, p. 89. Holotype, example 07 in collection number 205/17 of the 
Geological Museum of the Yakutsk filial of the Siberian division of the Academy 
of Science of the USSR at Yakutsk; from a limestone in the Lower Carboniferous 
Krestyakh conglomerate at Cape Krestyakh, at the mouth of the R. Lena, northern 
Kharaulakh; figured Koksharskaya 1965, PI. 12, figs, la, lb, 3. 

Diagnosis: Corallum small, turf-like. Corallites thick-walled, contiguous and 
prismatic or somewhat divergent and rounded. Mural (and corner) pores (in 
prismatic corallites) rounded, connecting tubules (between divergent corallites) 
short; tabulae favositoid or syringoporoid, in places grouped in relation to the 
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pores. Septa represented by plates peripherally that give off spinules axially. In¬ 
crease intermural and peripheral. 

Range: Lower Carboniferous of far north-eastern Asia. 

Remarks: While the growth form of the type species is like that of Roemeri - 
pora bohemica , the apparently poor development of syrinx-like proximal pro¬ 
longations of the deeply concave tabulae and the statement of Koksharskaya that 
in the stereozone the septa are represented by radial longitudinal plates (not by 
discrete spinules in lamellar sclerenchyme) suggest that Pseudoroemeripora may 
be generically distinct from the French Lower Carboniferous species referred to 
Vaughanites by Paul and the Novaya-Zemlya species referred by Smirnova to 
Roemeripora. 

Genus Bayhaium Langenheim & McCutcheon 1959 
Bayhaium Langenheim & McCutcheon 1959, p. 99, PI. 19, fig. 1-6. 

Type Species (by original designation): Bayhaium merriamorum Langenheim 
& McCutcheon 1959, p. 100, PI. 19, fig. 1-6, from the lower and middle McCloud 
Limestone, Wolfcampian of Shasta County, California, U.S.A. Holotypc, 37683, 
Museum of Paleontology, University of California, Berkeley, figd. loc . cit., PI. 19, 
figs. 2, 3, 5, 6. 

Diagnosis: Massively branching; in axial parts of branch corallites prismatic 
and thin walled; in peripheral parts the walls thicken and in places corallites may 
diverge slightly and become cylindrical; wall wrinkled transversely exteriorly to 
form tunnel-like inter-corallite connections into which wall pores open. Axial 
edges of septa project from the wall as low ridges. Tabulae thin, infundibuliform, 
somewhat irregular, seldom produced proximally into short axial tubes, grouped 
in relation to mural pores. 

Range: Wolfcampian of California. 

Remarks: In its morphology this is closer to the Lower Devonian Roemeripora 
bohemica than to the lower Permian 'R. 9 wimani Heritsch. The roemeriporoid 
morphology is now known from the Lower and Middle Devonian, Lower Car¬ 
boniferous and Lower Permian, and raises the question whether all the generic 
names proposed for it are necessary. B. merriamorum , like P. lenaica, has septal 
ridges, and this may prove a distinguishing feature. 

Genera Doubtfully Referred to the Syringoporidae, 
Possibly Representing a New Subfamily 

Genus Pseudoroemeria Chekhovich 1960 
Pseudoroemeria Chekhovich 1960, p. 43. 

Type Species (by original designation): Pseudoroemeria atbashiensis Chekho¬ 
vich 1960, p. 45, PI. 3, fig. la-v. Holotype, No. 82/9207 in the Central Geological 
Museum in Leningrad, figured Chekhovich loc cit., from the Lower Devonian, 
apparently Gedinnian deposits of the R. Sherikty, in the Atbashinskiy range, Tien- 
Shan. 

Diagnosis: Corallum in places fasciculate, of slender cylindrical corallites with 
tabularia in communication through connecting tubules, in places cerioid, of pris¬ 
matic corallites with tabularia communicating by mural pores; walls thin; septa 
represented by spinules; tabulae thin, horizontal, oblique or rarely weakly concave 
never with axial tube. 
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Range: Lower Devonian (Gedinnian), Tien-Shan, Central Asia. 

Remarks: Chekhovich considered this genus to be a member of the family 
Syringolitidae, but with favositoid tabulae and with amalgamate prismatic coral- 
lites only in patches in the generally bushy corallum. Chudinova (1964, p. 16) 
suggested that Pseudoroemeria evolved from Roemeria by strong divergence of 
the corallites in parts of the colony, and that it gave rise to Roemerolites. 

However, another possibility, that the morphological group formed by Pseudo¬ 
roemeria, the upper Ordovician Troedssonites Sokolov 1947 (type species Syringo - 
pora conspirata Troedsson 1929, PI. 43, figs. 2, 3, from Greenland) and the Lower 
Silurian (Llandoverian) Syringoporinus Sokolov 1955 (nom. nud. 1947) (type 
species Syringoporella irregularis Chernyshev 1941, PI. 12, fig. 6-7, from Taymyr) 
may form a cognate group, is suggested herein. All three have ‘favositoid’ tabulae, 
i.e. complete and not infundibuliform. Troedssonites has close slender cylindrical 
corallites connected by numerous short connecting tubules rather closely and 
regularly spaced; Syringoporinus has slender cylindrical corallites connected by 
sparse tubules with numerous new corallites arising by lateral increase from tubuli. 
Troedssonites and Syringoporinus were referred by Sokolov (1947, 1955) to the 
Syringoporidae. Pseudoroemeria differs from these two in its notable development 
of cerioid patches in the corallum. 

Family Neoroemeriidae Radugin 1938 

Thecosteginiens de Fromentel 1861 (invalid vernacular name); Neoroemeriidae Radugin 

1938; Thecostegitidae Sokolov 1950. 

Diagnosis: Encrusting, subhemispherical or ramose; corallites slender, in early 
parts of colony or axial parts of branch may be adpressed and prismatic, com¬ 
municating by mural pores; in later parts the corallites diverge but remain sub¬ 
parallel, and are united by irregularly tubular or platform-like tabulate expansions 
through perforations in the wall; these expansions may be contiguous vertically 
one with another or separated by spaces in which the corallites are not united. 
Wall microstructure of ‘fibres’ normal to the epitheca; septal spinules variably 
developed; tabulae thin, complete or incomplete, horizontal, concave or in places 
infundibuliform with the median notch drawn out into a short syrinx, which may 
be continuous with a similar but horizontal tube in the intcrcorallite expansions; 
the axial tubes may be crossed by small tabellae; tabellae may be grouped in 
relation to the mural pores. 

Range: Late Ludlovian or Skala to Upper Devonian (Frasnian). 

Remarks: It appears to us that Neoroemeria differs from Thecostegites only 
in the clear evidence of a cerioid roemeriporoid habit in the axial parts of the 
branches, and we therefore bring the two together into this family which we place 
in the Syringoporidae next to the Roemeriidae, from which it may have been 
derived. 

Genus Neoroemeria Radugin 1938 
Neoroemeria Radugin 1938, p. 83; Chudinova 1964, p. 20. 

Type Species: Neoroemeria westsibirica Radugin 1938, p. 84, PI. 2, fig. 17; 
Givetian stage of the Middle Devonian of the Kuznetsk Basin. Holotype, a 73, 
from the environs of Lebedyanskoe. 

Diagnosis: Corallum massively branching, rarely plate-like or encrusting. In 
axial zone of branch corallites prismatic and adpressed, communicating by mural 
pores; in peripheral parts the corallites diverge and become cylindrical, but neigh- 
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bouring tabularia are in communication through irregular expansions of tubules 
extending from perforations in the wall, the expansions containing tabulae; septal 
spinules present, tabulae concave, convex, irregularly curving and becoming in¬ 
complete forming in places a very short axial tube; the tabulae may be grouped 
in relation to the wall perforations. 

Remarks: The peripheral parts of the branches of Neoroemeria are so similar 
in morphology to Thecostegites that it is difficult to agree with Chudinova that the 
resemblance is merely homeomorphic. Whether Thecostegites has a cerioid young 
stage in the colony is unknown. We prefer to group Neoroemeria with Thecostegites 
in the family Neoroemeriidae. 

Range: Upper Middle Devonian of the Kuznetsk Basin. 

Genus Thecostegites Edwards & Haime 1849 
Thecostegites Edwards & Haime 1849, p. 261; Lecompte 1939, p. 169. 

Type Species (by monotypy): Harmodites bouchardi Michelin 1846, p. 185, 
PI. 48, figs. 3a, b [non fig. 10 as stated in the text]. Upper Devonian, Frasnian* 
Ferques, near Boulogne, France. 

Diagnosis: Corallum massive and encrusting; corallitcs slender, cylindrical, 
thick-walled, united by successive irregular platform-like expansions of tabulate 
tissue, each expansion in communication with the tabularia through perforations 
arranged in verticals in the walls of the corallitcs; the expansions may be epithecate 
above and below; septal spinules irregular in development; tabulae in lateral ex¬ 
pansions as well as in the cylindrical corallitcs, irregular, horizontal, oblique 
concave, or with short axial tubes, which may be extended into the lateral expan¬ 
sions where they lie horizontally, and may be crossed by small tabellae. 

Range: Late Ludlovian or Skalian of the Polar Urals, early Gedinnian (upper 
Isfara horizon) of the Tien-Shan, Lower or early Middle Devonian (UT 51744 
51799) of Tasmania, Middle Devonian of North America and Middle and Upper 
Devonian of Europe and Asia. ^ 

Family Chonostegitidae Lecompte 1952 
Chonostegitidae Lecompte 1952, p. 521. 

Diagnosis, Range, and Remarks: As for genus: see below. 

Genus Chonostegites Edwards & Haime 1851 

Chonostegites Edwards & Haime, 1851, p. 156, 299; Nicholson 1879, p. 152. Haimcophyllutn 
Billings 1859, p. 139; Nicholson 1879, p. 152; tvpe species (by monotypy) Haimeo- 
phyllum inordinatum Billings 1859, p. 139, fig. 39 on p. 140. Corniferous limestone 
[Emsian or Eifelian], Township of Walpole, Ontario, Canada. Billings’ type material has 
not been identified in the collections of the Geological Survey of Canada, but Dr T E 
Bolton has loaned us a piece of specimen GSC 3444, collected by Murray 1860 ’and 
labelled ‘Woodstock’, which is 36 miles north-west of Walpole. Thin sections have been 
cut from this specimen, and are figured herein PI. 20, fig. 2c-f. Nicholson (1879, p 155 ) 
considered both Michelinia intermittens Billings 1859, p. 113 and H. inordinatum to be 
the same species as Chonostegites clappi Edwards & Haime. So far as we are aware no 
thin sections have been made of the holotype (or lectotype) of either of these, but the 
very unusual external form seems identical and the suggested synoynmy seems very likelv 
to be correct and is accepted herein. 3 

Type Species (of Chonostegites): Chonostegites clappi Edwards & Haime 
1851, p. 299, PI. 14, figs. 4, 4a. Drift ex Devonian, Dayton, Ohio, U.S.A. What 
is probably the original of this figure has kindly been loaned to us by Dr P. 
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Semenoff of the Paris Museum of Natural History, and a photograph of a longi¬ 
tudinal thin section that we have prepared is given herein, PI. 20, fig. 4. 

Diagnosis: Corallum phaceloid and cerioid in fairly regularly repeated alterna¬ 
tion, with large pores through the thin common walls of the cerioid parts; septa 
represented peripherally by short spines and by other spines on the tabulae; tabulae 
thin, horizontal or low to tall domes, reinforced peripherally and in cerioid parts 
by large, dissepiment-like plates; in places tabulae may have an axial notch that 
may be extended as a short axial tube. 

Ranges Emsian-Eifelian (Bois Blanc Formation to Moorehouse Member of 
Onondaga Limestone) of eastern North America. Dr W. A. Oliver, who kindly 
gave us this range, thinks it possible that more than one species may be involved. 
Lower-Middle Devonian of Urals and Tien-Shan (fide Sokolov 1962). 

Remarks: The systematic position of this genus is debatable. As Nicholson 
(1879) observed, its walls and mural pores and its larger inflated tabellae are 
very like those in some micheliniids. However, in parts of some corallites of 
Chonostegites short axial tubes may be found. This feature is found in the Syringo- 
poridae, and the Syringolitidae and also in some Auloporidae. The possession of 
mural pores distinguishes the genus from the auloporoids, however. The develop¬ 
ment of tabulate expansions is found also in Neoroemeria and Thecostegites, which 
also have short tubes in places, and it seems to us that probably Chonostegites 
belongs in its own family or subfamily close to the Neoroemeriidae. Sokolov 
(1955) indeed placed it in the same family as Thecostegites. 

Another genus with platform-like expansions connecting slender cylindrical 
corallites is Cannapora Hall 1892, p. 43; type species (by monotypy) C. junci- 
formis Hall 1852, p. 43, PI. 18, fig. la-f, from the Lower Silurian Clinton Group 
of Ontario, and New York. We have not seen this material. 
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Explanation of Plates 

Plate 16 

p: 2 j _4 _ Syringolites huronensis Hinde, Llandoverian, Manitoulin Dolomite, near Manitou- 

h ‘ waning Manitoulin Island, Georgian Bay, Lake Huron, Ontario, Canada. 1. 
BM(NH) R19984, X 10, calical view. 2. LECTOTYPE, BM(NH) R19950, X 2; 
a. calical, b. lateral, views. 3. BM(NH) R19947; a. X 2, b. X 7, lateral views, 
c X 2 d X 5, thin transverse sections, e. X 2, /. X 5, thin longitudinal sections. 
4. BM(NH) R19949, a. X 2, b. X 10, calical views. 

F :„ S—Vaughnites' favositoides (Vaughan) 1915, Lower Carboniferous 5 Horizon (top of 
h Cs or bottom of Si) sublaevis limestone of Avesnes district, France. Sedgwick 
Museum, El 1401, HOLOTYPE, X 5, thin transverse section. 


Plate 17 

Fig 1-6 —Roemeripora progenitor (Chapman). 1, 3-6. Lower Devonian, Lilydale Limestone, 
Cave Hill Lilydale, Victoria; 2. Lower Devonian, Loyola Limestone, Loyola, near 
Mansfield,’Victoria. 1. HOLOTYPE, specimen NMV P13199; a. X 5, b. X 2, thin 
transverse section NMV P17896, c. X 5, d. X 2, thin longitudinal section NMV 
P17897. 2. Holotype of Syringopora thomii Chapman, specimen NMV PI3193; 
a X 2, b. X 5, thin transverse section NMV P17899, c. X 2, d. X 5, thin longi¬ 
tudinal’section NMV P17898. 3. NMV P15794; a. X 2, thin transverse section, 
b. x 2, c. X 4, thin longitudinal sections. 4. UQ F4194; a. X 2, thin transverse 
section/ b. X 2, thin longitudinal section. 5. NMV P26645; a. X 2, b. X 5, thin 
sections showing wrinkled cpitheca and holacanthine spinules. 6. NMV PI5799; 
a. X 2, thin transverse section, b. X 2, thin longitudinal section, showing wrinkled 
epitheca. 
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Plate 18 

Fig. 1-4— Roemeripora progenitor (Chapman). 1, 2, 4. Late Lower or early Middle Devonian, 
Murrindal Limestone, Rocky Camp, Buchan. Victoria. 3. Lower Devonian, Lilydale 
Limestone, Cave Hill, Lilydale, Victoria. 1. UQ F57610, lower part of Murrindal 
Limestone; a. X 2, thin transverse section, b. thin longitudinal section. 2. UQ 
F57611 lower part of Murrindal Limestone; a. X 2, b. X 5, thin transverse sections, 
c. X 2, d, e. X 5, thin longitudinal sections. 3. NMV P26041: a. X 1, b. X 5, 
calical views, c. X 2, thin transverse section, d. X 2, e. X 5, thin longitudinal 
sections. 4. Holotype of Roemeria ocellata Hill, MU 1955, upper part of Murrindal 
Limestone; a. X 2, thin transverse section MU 642, b. X 2, thin longitudinal section 
MU 643. 


Plate 19 

Fig. 1, 2, 4, 5— Roemeripora progenitor (Chapman). 1. UQ F10273, late Lower or early 
Middle Devonian, Garra Formation, Wellington district. New South Wales; a. X 5, 
b. X 2, thin transverse sections, c. X 5, thin longitudinal section. 2. CSV 47767, 
late Lower or early Middle Devonian, Buchan Caves Limestone, GSV Loc. 97. 
Buchan district, Victoria; a. X 2, thin transverse section, b. X 2, thin longitudinal 
section. 4. SU 28200, late Lower or early Middle Devonian, Reefton Limestone 
south of Reefton, New Zealand; thin section X 2. 5. UQ F50606, late Lower or 
early Middle Devonian, Jesse Limestone, Limekilns, 17 miles north of Bathurst, 
New South Wales; a. X 2, b. X 5, thin transverse sections, c. X 2, d. X 5, thin 
longitudinal sections. 

Fig- 3— Roemeripora sp. A. Early Middle Devonian, base of Chinaman Creek Limestone 
Member, Broken River Formation, 3 miles north of Pandanus Creek Homestead, 
North Queensland: UQ F50721, a. X 2, b. X 5, transverse sections. 

Fig- 6 —Armalites novellas Chudinova, late Eifelian, R. Ur, Kuznetsk Basin, USSR; HOLO¬ 
TYPE, N1396/2586, Paleontological Institute of Academy of Science, USSR, 
Moscow, by courtesy of Mme 1.1. Chudinova; a. X 7, thin transverse section. 
b. X 7, thin longitudinal section. 

Fig. 7— Neoroemeria soshkinae Chudinova, Givctian D 2 2 , R. Mozalovskiy Kitat, Kuznetsk 
Basin, USSR. N1396/1243, Paleontological Institute of Academy of Science, USSR, 
Moscow, by courtesy of Mme I. I. Chudinova; X 5, thin section. 

Plate 20 

Fig. 1 — Thecostegites bouchardi (Michelin), UQ F38832, Frasnian, Ferques, near Boulogne, 
France; a. X 5, thin transverse section, b. X 5, thin longitudinal section. 

Fig. 2-4 — Chonostegites clappi Edwards & Haimc. 2. Geological Survey of Canada No. 3444 
labelled Haimophyllum ordination Billings 1859; Emsian or Eifelian, Corniferous 
Limestone, near Woodstock, Ontario, Canada; a. X 1, calical view, b. X 1, lateral 
view, c, d. X 2, thin transverse sections, e, /. X 2, thin longitudinal sections. 
3. BM(NH) R25637, labelled Chonostegites ordinatus (Billings); Devonian, Port 
Colborne, Ontario, Canada; a. X 2, thin transverse section, b. X 2, thin longitudinal 
section. 4. Probable HOLOTYPE of C. clappi, Ecole Nationale Superieure des Mines 
Paris; Drift cx Devonian, Dayton, Ohio, U.S.A.; x 2, thin longitudinal section. 
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Origin of Batesford Limestone (Miocene), Victoria 

By R. J. Foster 

Superintendent Petroleum Engineer, The Broken Hill Proprietary Co. Ltd., 440 Collins Street, 

Melbourne 3000 


Abstract 

The echinoid fauna of the Batesford Limestone (Miocene, Australia) is examined. Com¬ 
parison with living faunas of similar aspect indicates that only the burrowing sea urchins of 
the order Spatangoida were indigenous to the carbonate sediment, and that they lived at a 
water depth of 20-200 m The regular urchins, on the other hand, lived in very shallow water 
on a rocky bottom. It is suggested that they were part of a rock dwelling community developed 
on an adjacent granite massif called the Dog Rocks. Fragments derived from this community 
accumulated in quiet water off the lee Bank of the topographical high to form the skeletal 
carbonate sand body known as the Batesford Limestone. 

Thus the character of the Batesford Limestone is attributed to the pre-existence of a 
suitable sediment source—a flourishing community of encrusting and sedentary organisms on 

the ^ f ° 8 su ^^’ entl buried by impermeable sediments, a limestone unit similar in lithology 
and geometry to the Batesford Limestone could constitute a stratigraphic trap for hydro¬ 
carbons. Such a limestone should be sought in association with a palaep-h.gh which could 
have provided the shallow water and hard bottom where calcareous organisms would flourish. 


Introduction 

The purpose of this article is to investigate the palaeoecology of the fauna 
contained in a lithological unit so that the depositional environment and mode of 
origin of the body may be deduced. 

The rock unit studied is the Batesford Limestone, and the ecology of its 
echinoid fauna is inferred from a comparison with living assemblages from car¬ 
bonate environments. 

Geological Setting 

Dog Rocks 

The Dog Rocks overlook the valley of the Moorabool R. near Batesford about 
eight km NW. of Geelong, Victoria (Fig. 1). They comprise a granite outcrop 
about 2i by 1 km with its long axis trending WNW. to ESE. and its crest about 
70m above the top of the adjacent Batesford Limestone. 

Batesford Limestone 

A brief general description of the Batesford Limestone, and list of fauna, was 
published by Hall & Pritchard (1892). More detailed subsequent descriptions are 
those of Chapman (1910), with emphasis on the fauna, particularly the foramim- 
fera, and Bowler (1963) with emphasis on lithology, particularly grain size distri¬ 
bution and mineralogy. The deposit has been included in faunal units 8 and 9 of 
Carter (1958, p. 24) corresponding to a Lower Miocene age (Ludbrook 1967, 
fig. 3). 
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Hall and Pritchard recognized two distinct lithologies within the Batesford 
Limestone: 

(i) foraminiferal limestone composed of dominant larger foraminifera such 
as Lepidocyclina with subordinate bryozoa, echinoid spines and cal¬ 
careous algae, and 

(ii) bryozoal limestone composed largely of bryozoa but with some echinoid 
spines and plates, foraminifera and a few lamellibranch shells. 

Both are skeletal lime grainstones in the terminology of Dunham (1962) and, 
due to absence of pore-filling cement, are generally friable and highly permeable. 

Measurements performed by Core Laboratories Incorporated on two samples 
of bryozoal limestone, one clean and one containing abundant granite sand, yielded 
the following results: 



Porosity 

Permeability 


per cent 

millidarcies 

Clean sample 

53 

2700 

Sandy sample 

36 

5200 


The lack of correlation between porosity and permeability is attributable to the 
presence of a greater proportion of void-containing fossils, and hence unconnected 
pores, in the clean limestone. 

The Batesford Limestone has a maximum thickness of at least 70 m (Bowler 
1963, p. 90), of which approximately the uppermost 10 m could be described as 
bryozoal limestone, and the next 15 m as foraminiferal limestone (Spencer-Jones 
1967, p. 161). The balance of the deposit is again bryozoal limestone, though 
without any addition of scattered Lepidocyclina as in the upper part. The Lime¬ 
stone grades vertically and laterally into marly sediments of the Fyansford Clay 
and butts against the flank of the Dog Rocks, as indicated by the inclusion of 
abundant granite fragments in its basal portion (Chapman 1910, p. 267). 
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Drilling by Australian Portland Cement Co. Ltd. has established that the Lime¬ 
stone is confined to the eastern and south-eastern sides of the Dog Rocks granite 
massif (Spencer-Jones 1967, p. 159). The beds dip gently away from the granite, 
towards the south-east, at 1-2° (Bowler 1963, p. 91) and this may represent 
depositional dip. 


Echinoid Fauna of Batesford Limestone 


Both regular and irregular echinoids are well represented in the Batesford 
Limestone. 


Subclass Regularia 


Relatively stout-tested regular echinoids of the genera Phyllacanthus, Strongy- 
locentrotus, Heliocidaris and Zenocentrotus occur in the Limestone (Philip 1963, 
1965). 

Clark (1946, p. 281) states that the stout primary spines of Phyllacanthus 
serve ‘in holding the animal rigidly in place in nooks and hollows of coral reefs 
and among rocks’. The only widespread living species in the genus is P. imperials 
(Lamarck) and Clark (p. 282) described its favourite habitat as ‘on the outer 
side of the reef below low-water mark’. 

A polyporous echinoid occurring in the Batesford Limestone has been tenta¬ 
tively referred to Strongylocentrotus by Philip (1965, p. 191). Mortensen (1943) 
lists seven living species of Strongylocentrotus; they are mainly littoral forms. 

There are two species each of Heliocidaris and Zenocentrotus recorded from 
the Recent. Mortensen (1943) states that they are littoral, living on the reef fiat 
or among rocks. Heliocidaris feeds on coralline algae and other encrusting 
organisms (p. 342). 

It is apparent that the above genera constitute a rocky, littoral fauna; they are 
present in the Limestone as spines, small fragments and isolated plates. 

Subclass Irregularia 


Large thin-tested spatangoids of the genera Linthia, Pericosmus and Eupatagus 
occur in the Limestone. Mortensen (1951) lists nine recent species of Pericosmus 
and five of Eupatagus . No living species of Linthia is known with certainty. The 
majority of the recent Pericosmus species are recorded from mud or sand bottom 
below 200 m depth, with an extreme bathymetric range of 20-550 m. Eupatagus 
has a similar depth range, having been recorded from 10-450 m. 

Little information is available on the mode of life of these spatangoids. The 
work of Nichols (1959) on the living spatangoid genera Spatangus, Echinocardium 
and Brissopsis, indicates that fasciolcs (bands of ciliated radioles on the test) 
generate the water currents that a burrowing urchin uses for respiration and waste 
removal. Fascioles are present in Pericosmus, Linthia and Eupatagus, and it can 
reasonably be inferred that these echinoids were burrowers. Their exceedingly 
fragile tests are often found whole in the Limestone though usually more or less 
crushed. Even Linthia moorahoolensis Pritchard, which attains dimensions of 
195 X 185 X 55 mm for a test thickness of only 2 mm (1908, p. 396), is pre¬ 
served complete. 


Comparison with Recent Echinoid Faunas 

Comparison with living faunas provides further information on the habitat of 
the echinoids preserved in the Batesford Limestone. 

Both spatangoids and regular echinoids are abundant on the Florida Keys. 
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Large burrowing spatangoids of the genera Plagiobrissus and Meoma occur in the 
bare carbonate sands of White Bank, between Key Largo and the Florida reef 
tract, where the water is approximately 5 m deep. The regular echinoids Eucidaris , 
Echinometra, Diadema and Tripneustes occur on the nearby reefs (Kier 1965). 

In the carbonate sands adjacent to rock highs of the Persian Gulf (c. 20 m 
water depth) there is a rich fauna of burrowing spatangoids of the genera Metalia , 
Brissopsis and Lovenia. Regular echinoids Prionocidaris, Echinometra and Dia¬ 
dema occur on the hard bottom of the highs themselves (personal observation). 

The regular echinoids Diadema, Echinothrix, Echinometra, and Heterocen- 
trotus (see Foster 1963) and Tripneustes occur on the reefs of the South China 
Sea. Little is known of the fauna of the adjacent sand areas. However, judging 
from tests washed ashore—on one occasion dead and dying animals by the 
hundred—the spatangoid Maretia must be an important member of this fauna. 

There are a number of differences between the Batesford Limestone echinoid 
assemblage and the Recent faunas outlined above. For instance, the fossil suite 
contains no genus from the family Diadematidae represented in the Recent faunas 
by Diadema and Echinothrix. Their absence is not surprising as the diadematid 
test is normally very fragile and, because of imbrication, is likely to break up 
completely when the animal dies. More difficult to explain is the almost complete 
absence of flat clypeasteroids at Batesford— Clypeaster and Monostychia have 
been recorded there but both are rare. On the other hand, Clypeaster and Encope 
are abundant on White Bank, and Clypeaster and Echinodiscus in the limesands 
of the Persian Gulf. The fact that Clypeaster was making its initial appearance 
in the Australian fossil record, and Monostychia was on the point of extinction, 
may explain their rarity at the time (Philip, personal communication). 

Despite these differences, the living echinoid faunas described above are 
collectively similar to the assemblage found in the Batesford Limestone. How¬ 
ever, the spatangoids and regular echinoids have been shown to occupy separate, 
though adjacent, niches in the Recent. Thus it is likely that only the burrowing 
spatangoids were indigenous to the deposit, and that the regular echinoid fragments 
were introduced as a constituent of the sediment. 

Origin of Batesford Limestone 

Chapman (1929, p. 16), on the evidence of the foraminifera, outlined the 
origin of the Batesford Limestone as follows: 

The ancient Batesfordian sea appears to have varied its depth within short distances, and the 
sediments composing the mud and shell-banks were consequently of very variable character. 
The Dog Rocks of the district . . . once formed a massive range of hills. Against these the 
shallow water shell-sand of that bygone time was washed, and piled upon the then low 
hummocks of granite. This evidence we may see for ourselves ... for the lower beds of 
yellow limestone contain pebbles of granite similar to that of the Dog Rocks, and are in 
reality the shingle pebbles of the granite-skirted shores of that period. 

Heron-Alien and Earland (1924, p. 123), again on foraminiferal evidence, 
say: 

Our material was certainly laid down in a tropical sea which was sufficiently far from a coast 
P resent clear water with very little precipitation of mud, as is proved by the abundance 
5 a ?° u anc * absence of mineral grains. The depth was probably somewhere between 
50-150 fathoms, judging from the known range of recent species, and the conditions must have 
been very similar to those existing at the present day in shallow water round the northern 
shores of Australia. 

Stach (1936, p. 65) on the evidence of the bryozoa, deduces the environment 
of deposition as follows: 
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. . . in the Batesford quarry, the faunule is predominantly vinculariform with minor cellari- 
form and eschariform elements, pointing to a similar bathymetric facies (i.e. about 40 metres), 
but quite placid water conditions. 

Bowler (1963, p. 99), who chiefly examines particle size and mineralogy, 
explains the origin of the Batesford Limestone as follows: 

The near-shore zone at the Dog Rocks became admirably suited to the development of a 
calcareous facies for in such a zone the following conditions were fulfilled: 

1. Carbonate solubility would be low in the shallow warm water, thus facilitating its 
extract by shelly faunas. 

2. Active currents continuously removed fines and maintained clear sandy bottom favour¬ 
able to benthonic organisms. 

3. Highly aerated and oxidizing conditions in the water, and on the sea floor, together 
with photosynthesizing algae and phytoplankton, would provide abundant food and 
oxygen to support a dense population on the sea floor. 

None of the authors above clearly distinguish place of origin from place of 
deposition. Perhaps for this reason, Stach and Heron-Allan and Earland postulate 
moderately deep, placid conditions; Bowler shallow water and active currents, and 
Chapman both shallow and deeper water environment of deposition for the Bates¬ 
ford Limestone. 

An examination of a present-day sandy bottom in clear warm shallow water_ 

such as the skeletal carbonate sands of White Bank or the oolitic carbonate sands 
near Cat Cay in the Bahamas—does not reveal the dense population of benthonic 
organisms anticipated by Bowler. Tn fact, except for sediment-disturbing spatangoid 
and clypeasteroid echinoids, the sands have rather a desert aspect as regards 
megafauna. 

On the other hand, the hard bottom provided by reefs or rock highs carries 
a comparatively profuse growth of encrusting and sedentary organisms. The frag¬ 
mentary regular echinoids in the Batesford Limestone probably originated from 
such an area, and so could have the majority of the bryozoa, mollusc and coralline 
algae fragments. 

As stated by Bowler (1963, p. 98) the Dog Rocks were an island in the 
Tertiary sea at the time of deposition of the Batesford Limestone. The combina¬ 
tion of hard bottom and shallow water on the flanks of the Dog Rocks led to a 
vigorous growth of encrusting organisms which supported, in turn, a population 
of grazing and boring animals. Bryozoa and coralline algae would have been 
continually broken down by boring algae and molluscs, grazing echinoids and fish, 
and wave action. In the Persian Gulf dead coral is broken down by thousands of 
gnawing Echinometra , and the regular echinoids on the Dog Rocks probably filled 
a similar role. 

Judging from the bathymetric range of living representatives of Pericosmus 
and Eupatagus, and the sharp relief of the Dog Rocks massif, the Batesford 
Limestone was deposited below the littoral zone in, say, 20-200 m water depth. 

A high rate of biogenic carbonate sediment production in shallow water on 
the Dog Rocks, coupled with a short transportation phase down a steep submarine 
slope, led to the accumulation of carbonate sand (Fig. 2). The indigenous fauna 
of the sand certainly added to the total volume of the deposit, but its existence 
and character can be attributed to the presence of the Dog Rocks. The accumula¬ 
tion of sand only on the east and south-east side of the Rocks is an indication of 
the direction of prevailing wind and current at the time. 

Progressive deepening of the sea resulted in the complete submergence of the 
Dog Rocks (Bowler 1963, p. 99) and extinction of the rich shallow-water fauna 
which flourished there. Local rapid production of skeletal fragments ceased, but 
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SECTION THROUGH DOG ROCKS 

(Not to Scale) 
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widespread slow deposition of fine-grained sediment continued and carbonate sand 
of the Batesford Limestone passed up into marl of the Fyansford Clay. 

Application to Petroleum Geology 

The Batesford Limestone is surrounded and overlain by the Fyansford Clay. 
The Limestone itself is an excellent reservoir rock and, if buried, would have made 
a fine stratigraphic trap and an attractive drilling target. Initial exploration for 
oil off the coast of Australia will be directed towards the definition and testing 
of structures. However, at a later stage, exploration may include a search for 
stratigraphic traps and the Batesford Limestone model could then be profitably 
borne in mind. 

The principal requirements for this type of stratigraphic trap are: 

1. An area of shallow water and hard bottom—such as could be provided 
by a drowned erosional remnant—on which sediment-producing marine 
organisms could thrive. 

2. Comparatively little influx of clastic sediments at the time of carbonate 
deposition. 

If these requirements are met, there is then the possibility of an accumulation of 
porous and permeable skeletal lime grainstone on the lee flank of the palaeo-high. 

Conclusions 

The Batesford Limestone contains two distinct echinoid faunas: 

(a) rock-dwelling shallow water Regularia whose fragments were a con¬ 
stituent of the sediment; 

(b) burrowing deeper water Spatangoida which were indigenous to the 
Limestone itself. 
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The fragmentary regular echinoids, and much of the other skeletal carbonate of 
the Batcsford Limestone, originated on the adjacent Dog Rocks. Here the hard 
bottom and shallow water gave rise to a vigorous growth of encrusting organisms, 
and thus a prolific local source of carbonate sediment was created. 

In the absence of significant dilution with terrigenous elastics, skeletal particles 
derived from the Dog Rocks accumulated to form a carbonate sand body. Hence 
.the Batesford Limestone owes its existence to the pre-existence of Dog Rocks. 
The prevailing wind and current, at time of deposition, restricted carbonate sand 
accumulation to only one flank of the Dog Rocks massif. 

The Batesford Limestone is an excellent reservoir rock and, if buried by im¬ 
permeable sediment, such a limestone would constitute a stratigraphic trap for 
hydrocarbons. If similar carbonate sand bodies occur in the subsurface, they are 
likely to be found adjacent to pre-existing topographical highs. 
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The Present and Past Occurrence of Beech (Nothofagus 
cunninghamii Oerst.) at Wilsons Promontory, Victoria, 

Australia 

By Truda M. Howard* and G. S. Hope! 

Botany School, University of Melbourne, Parkville, Victoria 3052 

Summary 

The distribution of beech at Wilsons Promontory is described, and the status of stands 
in which it occurs discussed. Associated species and soils are listed. An historical account of 
the species in the area over the last 6000 years is based on evidence from pollen analysis 
and radiocarbon dating. 

Introduction 

Beech (Nothofagus cunninghamii Oerst.) was first reported from Wilsons 
Promontory by Hardy (1905) but no information about its distribution there, 
nor of its status (as a forest dominant or shrub) has since been published. 
Although fires have probably affected the pre-European distribution of this species 
it is of interest to see whether it is now declining or advancing. From a bio¬ 
geographic point of view, the occurrence of cool temperate rain forest on Wilsons 
Promontory is also of interest, as the nearest present occurrence is near Gunyah 
Gunyah separated by the Yanakie Isthmus which is too dry to support beech or 
other rainforest species. 

Distribution and Habitat 

Today, beech is restricted on Wilsons Promontory to a few small areas. Only 
one known area remains relatively undamaged—less than half an acre on the west 
side of Mt. Latrobc at 1960 ft. Both the other known occurrences of beech are 
in fire damaged areas: one at the back of the burnt lilly pilly (Eugenia smithii) 
stand at Sealers Cove, the other at 780 ft south of Mt. Ramsay in the headwaters 
of ‘Fireplace Creek’. This flows into Sealers Cove and crosses the Scalers Cove 
Track less than a mile from Windy Saddle. Another area where beech might be 
found is on the east side of Mt. Latrobc in the headwaters of Five Mile Creek. 
Aerial photographs do not always show small beech stands, so do not provide 
reliable evidence. 

Beech requires a constantly moist environment, and in the Central Highlands 
is usually restricted to areas with a rainfall of 60 in. per annum or more. At Tidal 
River, Wilsons Promontory, the mean annual rainfall is 45 in., evenly distributed 
throughout the year. On the basis of the increase in precipitation with altitude it 
is probably safe to assume that both Mt. Latrobe and Fireplace Creek receive 
about 60 in. per annum. A considerable amount of this moisture probably comes 
from the frequent fogs. 

Present Addresses: * Fisheries and Wildlife Department, Research Centre, Brown Street, 

Heidelberg, Victoria 3084 

t School of Biological Sciences, Australian National University, Canberra 2600, A.C.T. 
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Although open areas on Wilsons Promontory are occasionally subject to frost, 
it is most unlikely that the interior of the beech forest is severely affected. This 
has proved to be true on Mt. Donna Buang (Central Highlands) at 3300 ft, where 
temperatures outside the forest often fall below freezing point, whilst within the 
forest they remain at or above freezing point. 

Another factor contributing to a continuously damp environment is the pro¬ 
tected position of the stands: they are in deep valleys and on sheltered aspects 
away from prolonged exposure to direct sunlight and drying winds, particularly 
westerlies and northerlies. 


Description of Stands 

Mt. Latrobe 1960 Feet (see Fig 1, Table 1): About a dozen unburnt 
beech trees up to 75 ft tall make up this stand, which is situated in a shallow 
south-facing valley in the headwaters of Tidal River. The present form of the 
trees with dead crowns and close set branches in the mid-region (Fig. 1) could 
be due to increased influence of drying winds. This may be a result of removal 
by fire of the surrounding cucalypts, since those regenerated are not yet as tall 
as the beech. Alternatively, the beech trees themselves may have been burnt, as 
their form is similar to that of trees which are known to have suffered a single 
light bum. When Ewart and his party passed this way in 1908 (Ewart 1909) 
they did not record beech and it is possible that the 1907-08 summer fire may 
have rendered this species unrecognizable. 

Small trees of sassafras (Atherosperma moschatum), commonly associated in 
Victoria with beech up to 4000 ft, are present, but only one large tree (60 ft 
high). Several wet sclerophyll forest understorey species (shown by asterisks in 
Table 1) are also present: in beech forests the latter usually indicate past dis¬ 
turbance, particularly by fire. 

Surrounding the dozen or so mature beech is a dense stand of Pomaderris 
aspera, Olearia argophylla and O. phlogopappa under Eucalyptus obliqua and 
possibly E. regnans. The ground is fern-covered (mainly Polystichum proliferum) 
with clumps of Gahnia psittacorum, amongst which beech seedlings up to 2 ft 
high are plentiful; dead and coppicing beech stumps are also common. Present 
beech regeneration may represent the boundaries of the stand before the 1951 fire. 

Further down the valley below the beech stand is a swamp with shrubs of 
Acacia verticillata, Pomaderris aspera and Olearia phlogopappa up to 15 ft, with 
a dense 5-7 ft stratum of Gahnia psittacorum and Sticherus tener. Several young 
beech trees project through this dense cover; in all cases investigated they are 
coppice shoots from old stumps, indicating that this area, too, may have been part 
of the stand before the 1951 fire. 

The structure of this small unbumt beech stand is essentially similar to that 
of other beech forests up to 3500 ft in Victoria, with a sassafras-beech closed 
canopy at 75 ft, an intermittent tree-fern and shrub stratum at 5-10 ft, a ground 
cover of ferns, mosses, liverworts and lichens (see Table 1; moss and liverwort 
lists incomplete). A considerable amount of mossy dead wood lies on the forest 
floor, and litter cover is thin though continuous. 

The soil of the gully is alluvium and colluvium derived from granite, with 
frequent layers of pebbles. The stream responsible for their deposition still flows 
through the area. 

Fireplace Creek 780 Feet (see Fig. 2, Table 1): This beech stand is 
con ned to the narrow riparian strip of a deeply incised south-flowing stream 
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Fig. 1 —Mt. Latrobe Sketch Profile (taken from photograph) showing dead tops on 
Beech (nc) and the boundary with the Wet Sclerophyll Forest—see Pomaderris aspera 
(pa) and Olearia phlogopappa (op). Other abbreviations: da = Dicksonia antarctica; 
am = Atherosperma moschatum; gs = Gahnia psitticorum; pb rz Pittosporum bicolor. 
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Table 1 

Species present in two beech stands on Wilsons Promontory. *Species recruited from 
surrounding Wet Sclerophyll Forest 
w 

w 9 

o o • 

Sgo .s 

Eon 


AHQIQSPERMS 






* Acacia melanoxylon R. Br. 

X 


Asplenium bulbiferum Forst. f. 

X 

X 

Sambucus gaudichandiana DC *■* 

X 


Blechnum aggregatum (Colenso) M.D. Tindale 

X 

X 

Atherosperma moschatum Labill. 

X 

X 

B. fluviatile (R. Br.) E.J. Lowe ex Salomon 

X 

X 

Coprosma quadrifida (Labill.) Robinson 

X 

X 

B. procerum (Forst. F. ) Swartz in Schtad. 

X 

X 

Fieldia australis A. Cunn. 

X 

X 

Dicksonia antarctica Labill. 

X 

X 

Eedycaria angustifolia A. Cunn. 

X 

X 

Grammitis billardieri Wllld. 

X 

X 

Hothofagus cunninghamil Oerst.. 

X 

X 

Mecodium australe (Willd.) Copeland 

X 

X 

♦ Olearia argophylla Fv. M 

X 

X 

M. flabellatum (Labill.) Copeland 

X 

X 

♦ Pomaderris aspera Sieber ex D.C. 

X 

X 

Rumohra adiantiformis (Forst. F.) Ching 

X 

X 

Viola hederacea Labill. 

X 

X 

Kymenophyllum cupressiforme Labill. 


X 

Carex appressa R. Br. 


X 

MOSSES 



Clematis aristata R. Br. 


X 

Bryum truncorum Brid.. 

X 


* Drimys lanceolata (Poir.) Baill. 


X 

Camptochaete ramulosa (Mitt.) Jaeg. 

X 


* Eucalyptus obliqua L'Her. 


X 

Cyathophorum bulbosum (Hedw.) C.M. 

x‘ 


* E. regnans F. Muell. 


X 

Philonotis scabrifolia (H. f. & W.) Broth. 

X 


Gahnia psitticorum Labill. forma psilocaulon 

(Beockl) Bent 


X 

Dlcranoloma menziesii (H. f. & W.) Par. 

X 

X 



Hypnodendron arcuatum (Hedw.) Mitt. 

X 

X 

Hydrocotyle javanica Thunb. 


X 

Hypnum cupressiforme Hedw. 

X 

X 

Libertia pulchella (R. Br.) Spring. 


X 

Leucobryum condidum (Brid.) H. F. & W. 

X 

X 

* Honotoca elliptica R. Br. 


X 

Papillaria flavo-limbata (C.M. & Hampe) Jaeg 

X 

X 

* Olearia phlogopappa (Labill.) DC 


X 

Ptychomnion aciculare (Brid.) Mitt. 

X 

X 

♦ Pimelea drupacea labill. 


X 

Hypnum cupressiforme Hedw. var. filiforme 
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X- 
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* Tetrarhena juncea R. Br. 
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X 
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X 
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Cyathea australis (R. Br.) Domin 
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Chiloscyphus echinellus (L;G.) Mitt. 


X 

C. cunninghamii Hook. f. in Hook. 

X 


C. tridentatus Mitt. 


X 

Microsorium scandens (Forst. f.) M.D. Tindale 
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Gackstroemia weindoeferi Herz. 


X 

Polyphlebium venosum (a. Br.) Copeland 
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Symphyogyna sp. 


X 




Trichocolea australis 'St. 
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(Fig. 2). Two components of the stand are the narrow valley bottom on either 
side of the stream, labelled (a), and the steep slope out of the valley, labelled (b). 

The narrow valley bottom bears no signs of having been burnt in 1951; 70 ft 
sassafras trees, a rich epiphytic flora of Fieldia australis , Microsorium diversi- 
folium, Asplenium bulbiferum, etc. and 30 ft undamaged slender tree ferns 
(Cyathea cunninghamii) all point to a period of stability much longer than the 
17 years since the last fire. The slope out of the valley, however, supports burnt 
and coppice beech trees, a low (35 ft) cover of wet sclerophyll forest species 
Pomadenis aspera, Olearia argophylla, etc., as well as charred tree ferns and many 
dead, non-regenerating beech stumps. 

It is possible that the valley sides also were burnt in 1907. When Ewart (1910) 
travelled along the Sealers Cove Track just after it was put in he noted Fieldia 
australis , the slender tree-ferns and the sassafras, but failed to see the beech. 
Today, 17 years after the last fire, the beech is visible from the track in two 
places, but the coppice shoots would have been too small to see only three years 
after a fire. 

Evidence for regeneration from seed either after the 1907 or the 1951 fire is 
absent, though the present authors saw the coppice beech flowering in 1966. 
Sassafras, on the other hand, flowers and regenerates prolifically, as witnessed by 
the numerous small pointed crowns which are visible from the track right down 
the valley. All tree and shrub regeneration taking place occurs on the slopes of 
the valley; the forest floor at the bottom is extremely dark with the soil unstable 
since the course of the permanent stream is subject to frequent changes. 

The soils of the area are again granitic in origin, those of the floor and lower 
sides of the valley being alluvial and colluvial with frequent pebble layers. The 
soil of the walls is often shallow and held in place by a mat of roots over massive 
granite. The soil further up the valley walls is also skeletal, with a shallow humus- 
stained layer (less than one inch) over a variable depth of black to grey-brown 
sandy gravelly loam, which abuts directly on to massive granite. The litter layer is 
thin and intermittent, and tends to pile up behind rocks and logs. The whole of 
the stream bed area is saturated throughout the year, and in winter the sides of 
the valley are subject to seepage. 

In contrast to the Mt. Latrobe stand, the beech in this area appears to have a 
precarious future. It is difficult for the regenerating stumps to retain a firm hold 
on the soil, which is being continuously washed away, and no seedling regenera¬ 
tion has been observed. The precarious angle of the beech shown in Fig. 2 helps 
to explain why two trees which had coppiced since 1951 were found uprooted. 
It seems likely that sassafras could become dominant in this area as it occupies 
the sheltered and partly fire-protected valley bottom; a fire in the next 20-30 years 
may remove the beech permanently. 

Comparison of Promontory and Mainland Stands 

A brief comparison of the species in Promontory and mainland beech stands 
was made. The total number of angiosperm species found in Victorian beech 
forests between 0 and 2000 ft is 43. Of these, 9% are found in Promontory stands 
alone, 42% are found in mainland stands alone and 49% are shared. The total 
number of fern species found in the same beech forests is 32. Of these species 
none are found on the Promontory alone; nearly half (45%) occur on the main¬ 
land alone and those remaining are shared. The moss and liverwort floras cannot 
yet be compared because the Promontory lists are incomplete. 
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FireplaceCreek 7 8Q / 




Fig. 2 —Fireplace Creek Profile Plan, a = valley bottom, unburnt area; b = valley slope, 
burnt area. Abbreviations used: pa = PomacJerris aspera; oa = Olearia argophylla; 
da = Dickonsia antarctica; am = Atherosperma moschatum; cc = Cyathea cunning- 
hamii; ca = Cyathea australis; amx = Acacia rnelanoxylon; nc = Nothofagus cunning- 

ham ii; tb = Todea barbara. 
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In considering the apparent depletion of both angiosperm and fern floras on 
the Promontory, it must be noted that information was drawn from eleven of the 
mainland sites, evenly distributed from 0-2000 ft, but from only two sites on the 
Promontory. Many fern species absent from beech stands are found in other parts 
of the Promontory; eight of these species, including Mecodium rarum , Hypolepis 
australis and Asplenium flaccidum, occur in the Eugenia smithii warm temperate 
rain forest (Frankenberg 1965). 

The angiosperm species found only on the Promontory are recruits from the 
surrounding wet sclerophyll forest, as are many of the plants found only in the 
mainland stands. 

History of Beech 

When beech flowers it produces abundant pollen of characteristic shape. This 
pollen, together with that of other species, may be preserved over long periods 
of time in swamp or stream sediments into which it is blown or washed. Cookson 
(1946) has shown that pollen from a number of species of Nothojagus (most of 
which were probably not closely related to N. cunninghamii) is preserved in 
Tertiary brown coals about 60 miles north of Wilsons Promontory and that the 
genus had a much wider past distribution than it has at present. 

It would seem that since the Tertiary the N. cunninghamii forests of Victoria 
were connected with those of Tasmania, possibly via Wilsons Promontory. The 
forest probably extended across Bass Strait when it was exposed (Jennings 1959) 
during one or more of the general lowerings of sea level that occurred in the 
glacial phases of the Pleistocene. Jennings (1958, 1961) has found probable 
N. cunninghamii wood and pollen on King Island (where beech does not now 
grow) and the wood has been dated at 37,500 years B.P. which precedes the 
maximum of the last glacial phase of about 20,000 years ago. The effective rain¬ 
fall at sea level must have been higher at the time when the forests of beech on 
Wilsons Promontory were connected with those of other areas and Nothojagus 
pollen would have been plentiful, even at sites not occupied by forest. This con¬ 
trasts with the situation today, where, vvith the exception of areas adjacent to 
beech stands, beech pollen is found only in trace amounts in material (sediments, 
peat, moss polsters, etc.) being formed at present. 

The study of peats and sediments at Wilsons Promontory (Hope 1968) has 
provided evidence to support the possible existence of beech there for about 

6 000 years. None of the deposits studied contain the large amounts of Nothojagus 
pollen consistent with colonization of Wilsons Promontory by a continuous forest 
connection. In addition, this colonization would have had to take place across 
land at present too dry to support the forest, and suitable conditions do not seem 
to have prevailed in the last 6,000 years. 

Two peat deposits have been studied on the Yanakie Isthmus at sites about 

7 miles north west of Mt. Latrobe beech stand. An interdune swamp at Darby 
Beach built up from 6,500 to perhaps 3,000 years ago, and nearby Cotters ‘Lake’, 
have been forming continuously for the last 4,000 years, according to radiocarbon 
age determinations on plant remains (Hope 1968). No Nothojagus pollen has 
been found in the older deposit but it forms low percentages at the base of the 
Cotters Lake peats. Above this basal zone, the amount declines to occasional 
grains, with a similar frequency of occurrence to that found in the surface of 
the bog. 

At Tidal River, about 2 miles south west of the Mt. Latrobe beech stand, a 
more complex deposit, of peat over estuarine sands, has built up over the last 


206 


TRUDA M. HOWARD & G. S. HOPE 


5,000 years (Hope 1968). Nothofagus pollen is an important component of the 
pollen in the sands, forming 10% in most samples. No beech pollen was found 
in similar sands sedimenting at present from the river near the sample site, even 
though the headwaters of Tidal River drain the Mt. Latrobe beech stand. Sand 
build-up ceased about 4,900 years ago and peats have been building up since 
that time. The percentage of Nothofagus pollen declined to around 1% with the 
onset of peat formation. This decline may have been partly due to the cessation 
of water transport of pollen to the site, as the pollen in the terrestrial peats must 
have been blown there by wind. 

Peat has formed to a depth of 1 m in the last 4,900 years. The zone with about 
1 % Nothofagus pollen extends from the base of the peat through 50 cm. The next 
30 cm above' this contains no beech pollen, but traces (less than 1%) are found 
in the topmost 20 cm and in experimental pollen traps. Although it is dangerous 
to assume that the peat has built up at an even rate, these depths allow a rough 
estimation of the age of the changes in pollen amounts. Thus the second decline 
occurred about 2,500 years ago and the most recent rise about 1,000 years ago. 

The evidence from Tidal River suggests that beech was more extensive around 
5,000 years ago than it is today. Cool temperate rain forest probably extended 
over much of the central mountains and down the valleys to a lower altitude, and 
it was possibly important in the Sealers Cove area. The decline to no more than 
present-day extent of Nothofagus less than 4,000 years ago is shown in both Tidal 
River and Cotters Lake deposits, while the upper-part of the Tidal River deposit 
suggests that a slight increase to the present-day distribution took place about 
1,000 years ago. The Darby Beach peats contradict the evidence of the other two 
deposits if their extent from 6,000-3,000 years is true. However, this deposit was 
not studied as exhaustively as the other two, and the only direct date is 5,890 =b 90 
years B.P. from more than half the depth (Coutts 1968). Thus the lack of Notho¬ 
fagus pollen may be attributed to chance, or to a chronological error. 

An examination of peat built up in a swampy area 100 m from the Mt. Latrobe 
stand was made to see if the effect of the recent fires or any older changes could 
be discerned. The peat has formed on a fiat area along a gully which meets the 
creek that drains the beech stand, but the gully does not drain any area of present 
Nothofagus forest itself. Old trunks and coppices of beech occur at the site but 
the vegetation consists largely of a dense mass of forked fern (Sticherus tener) 
and Gahnia psittacorum with frequent shrubs of Olearia phlogopappa . A pit was 
excavated through peat to a depth of 65 cm. Increasing amounts of gravels and 
sands occurred from 35 cm depth to the base, which consisted of large boulders. 
The stratigraphy of the deposit is shown in Fig. 3, which also shows the results 
of a pollen analysis of a series of samples taken from a face of the pit. The pollen 
and fern spores from each sample are identified and counted until the ‘total count’ 
shown is reached. The results are graphed for each pollen type as a percentage of 
the total pollen count (which excludes fern spores). Fern spore percentages are also 
calculated on the total pollen count, so that the sum of all component percentages 
of both spores and pollen will usually exceed 100%. The values for each type at 
different depths plotted at the base of the diagram shows the percentages obtained 
from a surface moss mat collected within the beech stand nearby. The moss catches 
pollen produced by the modern forest and allows a comparison to be made between 
the amounts typical of the forest and those found in peat samples. 

The profile shows that beech has occupied the sample site during the time that 
the lower 50 cm of peat has built up, for beech pollen exceeds 55% through this 
depth. Other elements of a beech forest which were present include kangaroo 
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fern (Microsorium diversifolium) and Dicksonia (which were particularly promi¬ 
nent) and Drimys , Prostcinthera, Monotoca, Blechrtum, Coprosma and Pomaderris. 
Atherospertna moschatum was present but only small amounts of pollen were 
found. Slightly higher values for Casuarina and Eucalyptus are found in the early 
stages of deposition compared with later stages and it is possible that a stream 
may have been present at the site then. 

The occurrence of fires is shown by charcoal at 38 cm and in the top 5 cm, 
but only the latter seems to have affected the vegetation sufficiently to alter the 
pollen profile. In the samples at 0 cm and 5 cm there is a relative decrease in 
Nothofagus and an increase in Asteraceae, Cyperaceae and Stic her us, suggesting 
that it was at this point that the forest occupying the site was destroyed. The fact 
that the Nothofagus pollen is reduced from only 60% to 49% suggests that the 
stand nearby did escape serious damage and that it has remained a "major pollen 
source. The fires indicated at these upper levels post-date European settlement 
in Victoria (and hence were probably the fires of 1907) because the pollen from 
introduced plants (e.g. Pirtus) is present only in the top 5 cm. 

An age for the deposit is suggested by this rate of peat accumulation of 5 cm 
in 50 years, but it should be noted that the rate of peat build-up during the forest 
phase is unknown, as is the possible effect of an early stream and of possible 
truncation of the profile by fire. The inferred age at the base of the deposit is 
about 650 years and thus Nothofagus forest evidently occupied the site continuously 
for some time. 

Conclusion 

Evidence from pollen analysis suggests that beech forest was more extensive 
on Wilsons Promontory about 5,000 years ago when it could have extended down 
the valley of Tidal River to the west and occupied sheltered sites on the east coast. 
Today a few small areas of intact beech forest occur in gullies but these occurrences 
have been reduced in extent by recent fires. It would appear that beech was even 
more restricted around 6,000, and again about 2,000, years ago and hence the 
survival of beech is not threatened at present except by fires. Climatic conditions 
are presumably adequate since active regeneration is taking place at Mt. Latrobe. 
It seems likely that, in the absence of further fires, beech will re-occupy at least 
the areas from which it was driven by the 1907 fires. 
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Abstract 

The history of study of living and fossil non-marine dinoflagellates is summarized. 
Assemblages of dinoflagellate cysts from Flandrian (Holocene) lake sediments in Victoria 
are described for the first time; and assemblages of dinoflagellate cysts and acritarchs from 
the Flandrian (Holocene) of Western Australia are reconsidered in the light of present know¬ 
ledge. Three new genera of dinoflagellate cysts (Cobricosphaeridium, Aquadulcum and Muira- 
dinium) arc proposed and four new species described: in addition, a new acritarch genus 
(Creberlumectum) is proposed. 


Introduction 

In 1963, an account of assemblages of Flandrian freshwater dinoflagellates 
and ‘hystrichospheres’ was published by David M. Churchill and one of the authors 
(W.A.S.S.): this was the first extended account of a non-marine assemblage of 
these groups of plankton. Since that time, our knowledge of the character and 
morphology of these groups of organisms has grown enormously: in particular, 
the significance of openings in the shell wall (archaeopyles) in distinguishing 
dinoflagellate cysts from what arc now termed acritarchs has come to be recognized. 
A re-study of the type material is here presented, together with an account of 
new observations on dinoflagellate cyst assemblages from a Flandrian lake sediment 
of Victoria. 

History of Research 

Serious work into the study of dinoflagellates began with the publication of 
research by Baker in 1753. In a chapter of a book, ‘Employment ]or the Micro¬ 
scope’, he described and discussed the phosphorescent properties of a form now 
known as Noctiluca . A little later Muller (1773) became the first to name and 
describe a dinoflagellate species. It was, however, not until 1838 that Ehrenberg 
published the first "record of a fossil form. The subsequent development and history 
of this particular branch of dinoflagellate study is well documented (Sarjeant and 
Downie 1966, and Sarjeant 1967). 

A. J. Schilling was the author of the first monograph dealing with freshwater 
peridineans (1891). Although some work had been done previously the findings 
were lodged in various obscure publications to which it was difficult to gain access. 
Schilling was the first to make a compilation of this accumulated literature and 
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to bring it under one cover together with his own research, thus giving a firm 
foundation for future work. 

In subsequent years Schilling’s groundwork was augmented by Lemmermann, 
who published a number of papers, 1900-1910. During the next twenty years a 
number of workers became active in this field; notable among these were 
Woloszynska in Poland, Lindemann in Germany and Kofoid in America. The 
latter dealt mainly with marine forms, but his general approach, including his 
morphological nomenclature, was soon adopted by the freshwater workers. Up 
until, and including, this period, all research was virtually confined to Europe with 
the exception of Kofoid (above), and Prescott (1928) and Playfair (1912), who 
contributed from America and Australia respectively. Schilling published a last 
comprehensive account of the dinoflagellates in 1913, as part of Pascher’s tome 
'Die Siisswasserflora Deutschlands a Osterreichs und der Schweiz’. It should also 
be pointed out that at this time much basic work was being done in Europe into 
the study of algae in general. The present writers will confine their attention to 
workers concerned mainly with the study of freshwater dinoflagellates. 

G. S. West was one of the first British workers to enter this particular study. 
He began publishing in the early 1900’s; in 1905 he produced a paper with W. 
West on British lake plankton, and a year later a major work on the plankton 
populations collected from Lakes Nyasa, Victoria Nyanza and Tanganyika in 
Africa was published by the Linnean Society. In both papers there is a section 
devoted to the dinoflagellates. His third paper, published 1909, concerned a more 
parochial study, exclusively on dinoflagellates, which he had carried out at Sutton 
Park, Warwickshire. In this paper he lists seven species and discusses their 
periodicity, correlating it with temperature. His book ‘ Algae* was published in 
1916 and in this he devotes a chapter to the Peridineae, discussing their physiology 
and life histories. He writes of both marine and freshwater forms but goes on to 
list six species that may be found in a freshwater environment. 

An important publication is that of Eddy (1930). He reviews all the relevant 
literature to date and monographs all the freshwater species, with particular 
reference to U.S.A.; in all he lists and describes some fifty-five species. T. M. 
Harris, of the University of Reading, England, contributed to our knowledge by 
publishing a paper in 1939 describing various species he had observed ‘within a 
few miles of Reading’; he found a distinction between species inhabiting ponds 
on arable/grazing land and those from ponds on heath land. 

During the next ten years two important papers were written by R. H. 
Thompson, in U.S.A. His first paper (1947) describes twenty species of fresh¬ 
water dinoflagellates collected from small, shallow, cutrophic ponds situated on 
the coastal plain of Maryland; of these twenty species, two are new and ten are 
newly reported from America. Most of the latter are of the unarmored type. In 
a second paper (1950), he decribes forms collected from both Maryland and 
Kansas. He lists twenty-two species, erects the new genus Woloszynskia in honour 
of the Polish worker, and creates five new species. In these two papers Thompson 
contributes much to the knowledge of freshwater forms in U.S.A. 

‘Freshwater Algae of the United States 9 by G. M. Smith first appeared in 1933, 
and was revised, 1960. In this text a chapter is devoted to the pyrrhophyta; a clear 
account of their biology is given and relevant literature reviewed. He gives descrip¬ 
tions of ten genera known to that date in U.S.A., and also adds notes on various 
species recorded. 

Not a great deal of work was done in this field during the next ten years. 
Cridland (1957) described a new freshwater species that had been collected from 
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a pond near Reading, Berkshire, England; and Bursa (1958) described a new 
species of reticulate freshwater dinoflagellate, giving extensive consideration to its 
physiology. A further new freshwater species from Berkshire was reported by 
Mapletoft et al. (1966). 

A valuable synopsis of knowledge of freshwater dinoflagellates is given by 
Hutchinson (1967) in ‘A Treatise on Limnology: II. Introduction to lake biology 
and limnology’. Four genera of the Gymnodiniales and eight genera of the Peridi- 
niales are noted as occurring in lakes: the available information on nutrition and 
relation to conditions of water chemistry is reviewed. 

The earliest published figure of a fossil non-marine dinoflagellate cyst is per¬ 
haps to be found in Bradley’s account (1931) of the microfossils of the Green 
River oil shales of Colorado and Utah, U.S.A. This paper (PI. 23, fig. 4) shows 
a form described as a ‘zygospore, possibly of a Desmid’, which closely resembles 
a chorate dinoflagellate cyst. 

In 1942 Thiergart figured a ‘hystrichosphere’ from Miocene lignites of 
Germany. Dr. Thiergart courteously sent over his type specimen for study to one 
of the authors (W.A.S.S.), but the specimen indicated was found to bear little 
relation to Thiergart’s figure (1942, Fig. 3), nor could any similar specimen be 
located elsewhere on the slide. The specimen marked was of uncertain character 
and affinity. 

In 1953, Isabel Cookson described and figured a ‘hystrichosphere’ (which she 
named Hystrichosphaeridium cf. hirsutum Ehr. emend. Deflandre) from a deposit 
of Tertiary freshwater clay from Victoria. The author considered it possible that 
this was a reworked form. 

In 1955, the first unquestionable record of a fossil freshwater dinoflagellate 
was published by Traverse, in an account of the palynology of the Oligocene 
Brandon Lignite of Vermont, U.S.A. This he named Peridinium hansonianum: 
there can be little question that it is, in fact, a cyst. During the same year, 
Leonard reported an abundant flora of hystrichospheres in a fluvial clay of Middle 
or Late Quaternary age from Italy. Suspecting that this might be derived, Leonard 
analysed the assemblages of the local Eocene, Miocene and Pliocene strata: only 
the Eocene yielded an assemblage, however, and that proved of dissimilar 
character. Insufficient detail of Leonard’s assemblage has been published for any 
firm judgement to be made as to whether it was indeed non-marine. 

In 1957. the presence of fossil dinoflagellates in a Lower Miocene pollen flora 
from non-marine sediments of Upper Silesia, Poland, was noted by Macko: the 
fossil forms were attributed to a living species, Glenodinium smreezyniense 
Woloszynska. (This attribution must be considered questionable.) 

In 1959, W. F. Harris mentioned the presence of ‘tests and statoblasts of 
dinoflagellates’ in an account of the pollen assemblages of Mangaroa Swamp, near 
Wellington, New Zealand (Quaternary). 

In "i960, D. M. Churchill mentioned hystrichospheres in a preliminary note 
on non-marine assemblages from Southwest Australia, figuring (as an alga of the 
Cyanophyceae) a dinoflagellate cyst. These assemblages were subsequently de¬ 
scribed at length by Churchill and Sarjeant (1962, 1963): they include six species 
of dinoflagellates (one of which was not then recognized as such) and at least 
five species of acritarchs. The authors considered that these forms were freshwater 
and dismissed the possibility that they could be reworked. Their conclusions were 
attacked by Varma (1964): Churchill’s reply to Varma’s comments is given below 
(p. 215). 

In 1962, Krutzsch described an assemblage of dinoflagellates from the Geiseltal 
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lignites of south Germany (Eocene). These were allocated to two genera of what 
are now considered cavate dinoflagellate cysts — Defiandrea and a new genus, 
Geiselodinium. Despite certain strong resemblances to Tertiary marine species, it 
is probable that this is indeed a non-marine assemblage. 

In 1965, Eisenack and Fries published a paper in which fossil dinoflagellates 
from U.S. Quaternary lake sediments, regarded by the authors as fossil motile 
forms attributable to the species Peridinium limbatum, were compared with the 
Tertiary species Defiandrea phosphoritica. However, a re-study of their materials, 
accompanied by study of the living plankton in the lake from which their sediments 
were obtained, has demonstrated beyond question that these were the cysts, and 
not the motile forms, of Peridinium limbatum (Evitt and Wall, 1968). G. Norris 
(pers. comm.) independently came to the same conclusions. 



Fig. 1 — Sketch Map of S.W. Victoria, showing the position of Cobrico Swamp. 
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Apart from the mention of acritarchs (as ‘hystrichospheres’) in the work of 
Churchill and Sarjeant (1962, 1963), there has been only one other record of 
their occurrence in non-marine deposits. This was by Sarjeant and Strachan 
(1968), who recorded two species of very small acritarchs (attributed to the 
genera Micrhystridium and Leiosphaeridia) in deposits in a Pleistocene ‘kettle- 
hole’ in the English Midlands. 

Stratigraphy of the Victorian Lake Deposit 

During investigations into the stratigraphy and vegetational history of the 
western lakes district of Victoria, Dr. D. M. Churchill and co-workers found 
several specimens of freshwater microplankton. These were forwarded to one of 
the authors (R.H.). 

The plankton had been recovered from Cobrico Swamp, and were preserved 
in a freshwater peat deposit. Cobrico Swamp lies a short distance north of the 
township of Cobrico at Lat. 38° 18' S., Long. 143° 02' E. (Fig. 1). The peat was 
sampled to a depth of 400 cm., and the distribution of microplankton within the 
deposit is discussed later. The age of the deposit is Holocene (Flandrian), with 
a radiocarbon date from the lowermost horizons (350-400 cm) of c. 5,630 years 
B.C. 


Stratigraphy of the Western Australian Non-marine Deposits 

A detailed account of the localities in Southwest Australia has already been 
published (Churchill and Sarjeant, 1962, pp. 30-33) and need not be repeated 
here. The authors presented reasons for dismissing the possibility that the 
asemblages were reworked (p. 51) and concluded that these were indeed fossil 
non-marine microplankton. Their conclusions were attacked by C. P. Varma 
(1964). A reply to Varma s article has been prepared by Dr. D. M. Churchill 
and is quoted below, with his permission:— 

C P. Varma (1964, Grana Palynologica 5: 1: 124-128 ‘Do dinoflagellates and hystricho- 
sphaerids occur in freshwater sediments?’) has called into question the evidence of Churchill 
and Sarjeant, 1962, for the occurrence of such organisms in freshwater sediments. He states 
that the implications of such an occurrence could have a profound bearing on the palaeoeco- 
logical interpretation of older sediments in which only these organisms were found. 

The approach adopted by Varma underlines the lack of communication and understanding 
between people working with Tertiary and older sediments, and Quaternary workers, many 
of whom are studying environments in which sedimentation, life, death and fossilization of 
plants and animals are still taking place. 

It appears that Varma is not even aware of the meaning of the term Holocene, for he states 
on page 126, lines 17-18, ‘since the age of the deposit is Holocene, the beds are likely to have 
been receptive to contamination for a few million years.’ 

Now the term ‘Holocene’ (Greek holos, whole; kainos, recent) is literally ‘wholly modern’. 
F. E. Zeuner (1958), in his book Dating the Past, states that this period may be taken as 
having lasted 10,000 to 20,000 years, according to how it is delimited from the Pleistocene. 
H. Godwin (1966: Introductory address. Royal Meteorological Society Symposium on World 
Climate from 8,000 to 0B.C.) draws attention to the correspondence between varve 
chronology of glacial retreat and the radiocarbon dating of the Pleistocene-Holocene 
boundary* defined by pollen zonation, at about 10,300 B.C. Even ignorance of Quaternary 
stratigraphic nomenclature would not have led to age anomalies, however, if Varma was 
cognizant of the radiocarbon ages referred to in our text; and this in turn would have avoided 
his ridiculous suggestion of a 200-metre Holocene rise in relative sea level, onto a Pre- 
Cambrian land mass. The author may have been unaware of the controversy among Quatern¬ 
ary geologists (R. J. Russell, 1963: Recent recession of tropical cliffy coasts. Science, 139, 
9-15; R. W. Fairbridgc, 1958: Trans. N.Y. Acad. Sci. f 20, 471) as to whether sea-level was 
higher than even 10 feet above the present level. Indeed, at the time the Australian sediments, 
with their cysts and acritarchs, were forming in these inland and near-present-coastal lakes, 
G 


216 


REX HARLAND & WILLIAM A. S. SARJEANT 


sea-level was either at or well below its present level along that part of the Australian coast 
where the eustatic rise has been measured. 

The pertinent questions raised by Varma concern only the identification, in situ occurrence, 
possibilities of reworking and laboratory contamination of the microplankton described from 
Western Australia, and whether or not the environments in which they were found were truly 
freshwater. 

The environments of deposition have been described in sufficient detail in our original paper. 
It need only be restated here that the sediments were organic, the decomposed residues of the 
freshwater aquatic plants growing in and around the water’s edge. There were no foraminifera 
present at any of the sites and no vestige of evidence of marine incursions. There were no 
marine sediments nearby or within the watershed areas of these swamps. Accumulation of 
freshwater plant residues has proceeded uninterruptedly at each of the sites, with the exception 
of those truncated by fire( the evidence of which is left as fragments of charcoal and sand). 
In short, the deposits are not marine in origin and contain no marine fossils washed in from 
around the bogs. 

The principle established by the authors in 1960 and 1962 was simply that, from then on, it 
became essential to fully identify the phytoplankton present before making generalized de¬ 
ductions about the freshwater or marine origin of the sediments. 

To Dr. Churchill’s comments, it is necessary only to add that none of the 
forms recorded from the Australian freshwater sediments has yet been recorded 
from a marine deposit or from the living marine plankton: the possibility of 
pollution in the laboratory can thus also be entirely ruled out. 

Systematics 

All holotypes of species from Victoria, here described, are lodged in the 
palynological collections of the Department of Geology, University of Alberta, 
Edmonton. Co-ordinates given are for use with Leitz Microscope 595949; but the 
holotypes are, in addition, ringed and labelled. 

The holotypes and figured specimens described by Churchill and Sarjcant 
(1963), originally lodged at Cambridge, are now lodged in the collections of the 
National Museum of Victoria, Melbourne, Australia: the specimens are ringed 
and named. The holotypes and figured specimens were courteously loaned to one 
of the authors (W.A.S.S.) by Dr. D. M. Churchill for study before lodgement in 
the museum: but it was unfortunately not possible to borrow for study the whole 
of the type material. 

Division Pyrrhophyta Pascher 
Sub-class Diniferophycidae Bergh 
Cyst-Family Uncertain 

Genus Cobricosphaeridium gen. nov. 

Derivation of Name: Named from the sample locality at Cobrico Swamp, 
Victoria, Australia. 

Diagnosis: Spherical to sub-spherical proximochorate cysts, bearing two dis¬ 
tinct process types. Processes of the first type are relatively long, up to a quarter 
of the cyst diameter, of very variable form, slender, tapering to cylindrical, erect 
or sinuous, wart-like, evexate to digitate and foliate, occasionally forked at their 
tips; bases of processes usually ornamented with granules. Processes of the second 
type are short, slender, cylindrical and may also be forked at their distal ex¬ 
tremities. These processes are approximately one-half to one-sixth the length of 
the first type, so that distinguishing between these two process types is always 
readily possible. Cingulum and sulcus are present, but. not often clearly defined: 
tabulation is otherwise absent. Archaeopyle apical (A in terms of the symbols 
proposed by Evitt, 1967). 
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Type Species: Cobricosphaeridium hebes sp. nov., Holocene; Victoria, Aus¬ 
tralia. 

Remarks: This genus is erected to accommodate sub-spherical dinoflagellate 
cysts that exhibit two distinct process types. One type is conspicuous, the other 
obvious only under an oil immersion objective. Many of the longer processes 
appear to be either gonal or intratabular in position, but no overall pattern could 
be discerned. The processes are solid, do not connect to the interior of the cyst 
and are closed distally. This genus is similar to Tenua Eisenack emend. Sarjeant 
in all respects apart from ornamentation; in no case is the simultaneous possession 
of two distinct process types described from any of the species attributed to the 
latter genus. Cobricosphaeridium is also similar to Cleistosphaeridium Davey, 
Downic, Sarjeant and Williams, 1966, but again the distinctive ornamentation 
and the overall cyst form differentiates the two. 

The extent to which the unusual habitat (freshwater sediments) distinguishes 
this genus can only be surmised at present. 

Cobricosphaeridium hebes sp. nov. 

(PI. 21, fig. 1-2. Fig. 2) 

Derivation of Name: L.: hebes, blunt, with reference to the nature of the 
larger processes. 

Diagnosis: Spherical to sub-spherical proximate cyst, ornamented with gran¬ 
ules and bearing two types of processes. Processes of the first type are relatively 
short, wart-like, digitate to foliate, sometimes stellate in plan. Processes of the 
second type are even shorter than the first, slender and not easily seen. Sulcus 
and cingulum are poorly defined. Archaeopyle apical (A) with a well-marked 
sulcal notch. 

Holotype: Slide L.C.V./6b at 94.4-32-6, Palynological Collection of the 
Department of Geology, University of Alberta, Edmonton, Canada. 

Locality and Horizon: Cobrico Swamp, Victoria, Australia; Holocene. 

Dimensions: Holotype: Length 46^, breadth 46^, length of longer processes 
3/j., length of shorter processes 1/*. Range: Length 42 (47^5) 55/j., breadth 34 
(44-5) 53/x, longer processes range in length from 2 (3 3) 5/x; smaller processes 
range from less than 1^ to 1/*. (In all cases, the figure in parenthesis is the 
arithmetic mean.) Nine specimens were measured; these make up the total avail¬ 
able material. 

Description: Cyst spherical to sub-spherical, made up of two body layers. 
The periphragm gives rise to both granules and processes. The body wall has a 
total thickness in the order of 1/x. The first type of processes are short, blunt, 
wart-like, digitate to foliate, sometimes stellate in plan; they appear to be solid 
and not to connect to the interior of the cyst. They are sparsely ornamented with 
granules. In some cases the processes are made up from the convergence of a 
number of radiating ridges, giving rise to a complex stellate arrangement. Ten 
processes may be counted around the periphery of the holotype. Process arrange¬ 
ment on the central body appears irregular: no tabulation has been deciphered. 
The shorter processes are not very easily distinguishable but can be seen to be 
short, solid, slender and distally closed. Sulcus and cingulum may be seen only 
with difficulty, but in one or two cases they are distinguished by an alignment of 
the longer processes, and a slight reduction in the granular ornament. The archaeo¬ 
pyle is apical, apparently formed by the loss of the equivalents of two or four 
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apical plates. Its margin is zig-zag and a number of slits were observed to extend 
posteriorly from the angles. 

Remarks: This species is quite well represented in the assemblages; the 
individual specimens are well preserved and show the nature of the archaeopyle 
very clearly. It was therefore chosen as type species for the genus. Cobrico - 
sphaeridium hebes sp. nov. is characterized by process form, the granular nature 
of the central body and by the archaeopyle. It resembles Organism No. 2 of 
Churchill and Sarjeant (1963, p. 50, Figs. 8, 35), especially in the similarity of 
the process type, but differs in the nature of the archaeopyle. 

Cobricosphacridium spinifertim sp. nov. 

Cobricosphaeridium spiniferum spiniferum subsp. nov. 

(PL 21, figs. 3, 6. Fig. 3) 

Derivation of Name: L.: spiniferum, thornbearing, with respect to the 
general appearance of the cyst. 

Diagnosis: A Cobricosphaeridium having a sub-spherical central body bearing 
two types of processes. The first are long, approximately one-quarter of the cyst 
diameter, slender, tapering to cylindrical; they may be erect or curved, with their 
distal extremities evexate to digitate and foliate, occasionally forked. The base and 
shank of each process is ornamented with granules. The processes of the second 
type are short, approximately one-tenth of the cyst diameter, erect, cylindrical, 
slender and also may be forked at their tips. Cingulum and sulcus are present, 
delineated by faint upraised sutures and alignment of processes; tabulation not 
otherwise determinable. Archaeopyle apical. 

Holotype: Slide L.C.V./lb at 100.1-43.6, Palynological Collection of the 
Department of Geology, University of Alberta, Edmonton, Canada. 

Locality and Horizon: Cobrico Swamp, Victoria, Australia; Holocene. 




Fig. 2 — Cobricosphaeridium hebes sp. nov., holotype, showing the nature of the archaeo¬ 
pyle and the general morphology. Orientation unknown; X c. 750. 

Fig. 3— C. spiniferum spiniferum subsp. nov., holotype, oblique ventral view, X c. 800. 
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Dimensions: Holotype: Length 49/a, breadth 47/*, the larger processes range 
from 4-9/* in length and the small processes all measured 2/a in length. Range: 
Length 36 (41*7) 49/a, breadth 32 (37*2) 47/a, length of larger processes 4 (7) 
11/a, smaller processes from 2 to 3/a. Nine specimens were measured (the total 
available material). 

Description: The spherical to sub-spherical central body is made up of two 
layers, the periphragm giving rise to all the ornamentation. Total wall thickness 
of the order of 1/a. There are two distinct process types. The first is conspicuous, 
and less numerous than the second type; but even so. approximately thirty pro¬ 
cesses may be counted around the periphery of the holotype. They are very 
variable in morphology, and appear for the most part randomly disposed, although 
there is some alignment in the cingular and sulcal regions. It is not clear whether 
these are to be regarded as sutural or as intratabular processes. (No other indica¬ 
tion of the tabulation is present.) These processes are solid and do not connect 
to the interior of the cyst. The processes of the second type are much smaller, 
less conspicuous, delicate, solid and having a hair-like appearance. They are very 
numerous, more than a hundred being seen around the periphery of the holotype. 
Seen in plan, they give the surface of the cyst a pseudogranular appearance. Sulcus 
and cingulum are usually not well differentiated; some indication of their presence 
is given by the alignment of the larger processes and the presence of faint sutures. 
The amount of offset of the cingulum appears very slight. The archaeopyle, not 
seen in the holotype, is apical and very similar to that of C. hebes, being angular 
with the same development of slits running out from the angles. No operculum 
was seen. 

Remarks: This species was well represented in the assemblage and the 
preservation was always good. It differs from C. hebes in the entirely dissimilar 
nature of its processes. 

Cobricosphacridium spiniferum elegans subsp. nov. 

(PI. 21, fig. 4-5. Fig. 4) 

Derivation of Name: L.: elegans, delicate in style, with reference to the 
long and delicate conspicuous processes. 

Diagnosis: A subspecies of C. spiniferum in which the conspicuous processes 
are longer, more flexible and delicate than those of typical specimens of the 
species. 

Holotype: Slide L.C.V./5a at 105.2-31.7, Palynological Collection of the 
Department of Geology, University of Alberta, Edmonton, Canada. 

Locality and Horizon: Cobrico Swamp, Victoria, Australia; Holocene. 

Dimensions: Holotype: Length 41/a, breadth 35/a, larger processes from 9-12/a 
in length and the smaller processes are on average 2/* in length. Range: length 
40 (42) 45/a, breadth 32 (35*5) 39/a, length of larger processes 8 (10) 12/a, length 
of smaller processes range from 1-3/a. Six specimens were measured, the total 
available material. 

Description: Spherical to sub-spherical central body made up of two body 
layers, the outer giving rise to the ornamentation. Two process types are present. 
The larger processes are similar to those of C. spiniferum spiniferum except that 
they arc longer, more slender, and appear more flexible. The shorter processes are 
entirely similar in character: cingulum and sulcus are again poorly differentiated. 
The archaeopyle is apical (A). 
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Remarks: This subspecies is quite well represented in the samples and is 
always readily distinguishable, on the character of its processes. No intermediate 
forms were encountered. A single differentiating character of such a nature is 
considered by the authors to be insufficient to justify taxonomic separation at 
specific level, until a much greater volume of information is available on the range 
of variation within the species C. spiniferum. 

Genus Aquadulcum gen. nov. 

Derivation of Name: L.: aqua ditlcum, freshwater, with reference to the 
habitat in which these cysts were found. 

Diagnosis: Peridinoid to sub-spherical proximate cysts bearing a dense orna¬ 
mentation of very short spines or vermiculae. The cingulum and sulcus are clearly 
differentiated by lack of such ornament. Nature of archaeopyle uncertain, possibly 
in the form of a transapical slit; no clear opening is normally visible. 

Type Species: Aquadulcum serpens sp. nov., Holocene, Victoria, Australia. 

Remarks: This new genus is characterized by its shape, the nature of its 
ornamentation, and the absence of a reflected tabulation. The genera Tenua and 
Cobricosphaeridium differ in that they develop a typical apical (A) archaeopyle 
and Xenicodinium in that it possesses a precingular archaeopyle. Diconodinium 
is characterized by its development of apical and antapical horns: the nature of 
its archaeopyle is uncertain. The cysts of the freshwater dinoflagellate Peridinium 
Umbatum (recently described by Evitt and Wall, 1968) are cavate: the type of 
archaeopyle they exhibit, opening on a transapical suture, may possibly be com- 




Fig. 4 


Fig. 5 


Fig. 4—C. spiniferum elegans subsp. nov., holotype, showing the general morphology 
and in particular the nature of the processes. Orientation unknown, X c. 1000. 

Fig. 5 —Aquadulcum serpens sp. nov., holotype, in oblique ventral view, X c. 750. 
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parable to that of Aquadulcum, but this remains to be confirmed. Palaeohystricho- 
phora, which is similar in ornamentation to Aquadulcum , is likewise cavate. 

Aquadulcum serpens sp. nov. 

(PI. 21, fig. 7-8. Fig. 5) 

Derivation of Name: L.: serpens , serpent, referring to the vermiculate 
nature of the ornament. 

Diagnosis: Peridinoid to sub-spherical central body bearing a dense orna¬ 
mentation of vermiculae. Sulcus and cingulum clearly defined by lack of ornament. 
The cingulum is offset by an amount equal to half its own width. The archaeopyle 
was not seen. 

Holotype: Slide L.C.V./7a at 99-39.4, Palynological Collection of the De¬ 
partment of Geology, University of Alberta, Edmonton, Canada. 

Locality and Horizon: Cobrico Swamp, Victoria, Australia; Holocene. 

Dimensions: Holotype: Length 45/*, breadth 37/*, height of vermiculae above 
central body approximately 1/*. Range: Length 45/*, breadth 34-37/*, height of 
vermiculae above cyst, less than 1/* to 1/*. Two specimens were measured, the 
total available material. 

Description: The central body is peridinoid to sub-spherical in shape, the 
epitract being slightly more conical than hypotract. Over the surface of the cyst 
there is a dense, irregular ornamentation of vermiculae, i.e. upraised ridges that 
appear ‘worm-like’ in plan view. (This is the sense as used by the authors.) At 
low magnifications, this ornamentation appears to exhibit a separation into discrete 
areas, forming a faint pattern on the surface of the cyst. This pattern does not 
suggest a reflected tabulation. The sulcus extends to at least three-quarters of the 
length of the epitract and approximately one-half the length of the hypotract. An 
offset equal to half the width of the cingulum may be seen across the sulcus. The 
cyst surface between the vermiculae is smooth and no other form of ornamentation 
was seen. 

The presence of a slight break at the apex of the holotype may be an indica¬ 
tion of the development of a transapical archaeopyle, but this remains to be 
confirmed. 

Remarks: The only species of dinofiagellate cyst yet described which possesses 
an ornament comparable to that of A . serpens is Tenua verrucosa Sarjeant 1968; 
however, the ‘vcrrucae’ of the latter species are seen, at high magnification, to be 
very broad, very short spines with brief branches^ thus quite dissimilar to the 
ornament of A. serpens; moreover, an apical (A) archaeopyle is consistently 
developed. 

The other species now placed in the genus Aquadulcum have an ornament of 
short spines. They are as follow:— 

Aquadulcum myalupensis (Churchill and Sarjeant 1963) comb. nov. 

Palaeohystrichophora myalupensis. Churchill and Sarjeant 1963, 38-40, figs. 5, 22, 23; Downie 

and Sarjeant 1964, 136. 

Discussion: This species was first described from the Holocene (Sub-Boreal 
Stage, 3000-500 B.C.) of Myalup Swamp, near Harvey, Western Australia. It 
has an ellipsoidal shell, with conical epitract and rounded hypotract, bearing an 
irregular scatter of short spines, simple or with two unequally developed branches. 
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Spines are absent from cingulum and sulcus; the cingulum is extremely broad, 
planar, the sulcus somewhat less broad. 

A re-examination of the holotype disclosed no recognizable archaeopyle. A 
faint marginal slit was present at the level of the cingulum, but this probably 
resulted simply from compression. 

This species is transferred to the genus Aquadulcum on the basis of general 
form and the absence of an endoblast (inner body). Tt is a proximate cyst, 
apparently composed of two wall layers in continuous contact, with the spines 
arising from the outermost layer only. 

The type material is now lodged in the collections of the National Museum of 
Victoria, Melbourne, as slides P26437 (holotype) and P26439 (paratype). 

Aquadulcum pikei (Churchill and Sarjeant 1963) comb. nov. 

Palaeoliystrichophora pikei. Churchill and Sarjeant 1963, 40-41, figs. 6, 24; Downie and 

Sarjeant 1964, 137. 

Discussion: This species was described from the Holocene (Sub-Atlantic 
Stage, 500 B.C. to present day) of Myalup Swamp, near Harvey, Western Aus¬ 
tralia. It has an ovoidal shell, with rounded conical epitract and rounded hypotract, 
bearing a dense cover of very short spines, bifurcating at a constant distance from 
the shell surface. Spines are absent from cingulum and sulcus; the cingulum is 
narrow, markedly laevo-rotatory, the sulcus only slightly broader. 

A re-examination of the holotype disclosed no indication of an archaeopyle. 
This species is transferred to the genus Aquadulcum on the basis of general form 
and the absence of an endoblast. It is a proximate cyst, apparently composed of 
two wall layers in continuous contact, with the spines arising from the outermost 
layer only. It differs from A. myalupensis in the nature of the spines and in the 
relative narrowness and markedly helicoidal nature of the cingulum. 

The holotype is now lodged in the collections of the National Museum of 
Victoria, Melbourne, in slide P26435. 

? Aquadulcum yanchepensc sp. nov. 

(PI. 22, fig. 3) 

1963 Organism No. 2. Churchill and Sarjeant, 50, figs. 8, 35. 

Derivation of Name: Based on the type locality—Yanchep Swamp, Western 
Australia. 

Diagnosis: Cyst broadly ovoidal in outline, with rounded conical epitract and 
almost hemispherical hypotract. Wall of moderate thickness, possibly composed 
of a single layer only, markedly granular and giving rise to some sixty short, 
rather stubby processes. The arrangement of the processes, along the borders of 
the cingulum and in lines elsewhere, suggests that they may be sutural in character. 
Each process tapers from a broad base to about mid-point, then flares to the tips; 
the process tips are branched, the branches being of unequal length, and the 
branches themselves may bifurcate. Their length is up to about one-sixth of the 
short diameter of the shell. 

The cingulum is broad, slightly sunken and devoid of processes; it is laevo- 
rotatory, the two ends differing in antero-posterior position by the cingulum’s 
breadth. The sulcus is narrower and rather poorly marked. 

An apical opening was observed in the holotype but was not constantly 
observed in all specimens. 
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Holotype: Specimen Yanchep 310/320/1 of Churchill and Sarjeant (1963, 
figs. 8, 35): contained in slide P26446, National Museum of Victoria, Melbourne, 
Australia. 

Locality and Horizon: Holocene (post-Atlantic, not precisely dated), Yan¬ 
chep Swamp, north of Perth, Western Australia. 

Dimensions: Holotype: Length 52 /a, breadth 46/a. Other specimens of closely 
similar dimensions. 

Discussion: These microfossils were originally very tentatively described as 
‘Organism No. 2’, by Churchill and Sarjeant, 1963. Their re-examination affords 
no room for doubt that these are dinoflagellate cysts. 

In the holotype, and in some other specimens, a distinct apical opening was 
present, in the form of a polygonal, rather elongate slit with a V-shaped end 
aligned on the sulcus and a corresponding V-shaped end on the dorsal surface. 
This opening is smaller in size than a typical A apical archaeopyle and quite dis¬ 
similar in outline: if it is indeed to be regarded as a form of apical archaeopyle 
(as seems probable), it may be formed by the loss of the equivalent of plate V 
and one other apical plate, rather than by the loss of the equivalent of the whole 
apical plate series. 

The generic assignment of this species is problematical: in that only one type 
of process is present, it differs from the genus Cobricosphaeridium, and in the 
possible development of an apical archaeopyle, it differs from the genus Aqua- 
dulcum. The character of the apical opening differentiates it from the genus Tenua 
(not hitherto recorded from post-Mesozoic sediments). If more extended studies 
confirm the constancy of the archaeopyle and its distinctive character (not all 
specimens originally examined were available for re-study) then the erection of a 
separate genus may prove desirable. 

? Aquadulciini cf. yanchepense Harland and Sarjeant 
(PI. 21, fig. 9. Fig. 6) 

Description: Cyst broadly ovoidal to sub-spherical in outline, with rounded 
conical epitract and rather flattened hemispherical hypotract. Wall thin, possibly 
composed of a single layer only, and having a granular surface, from which arise 
some 70-80 rather short processes. The arrangement of the processes, along the 
borders of the cingulum and in lines elsewhere on the surface, suggests that they 
may be sutural in character. The length of the processes is about one-fifth of the 
short diameter. They have slightly broadened bases; sometimes they taper to mid¬ 
point, sometimes they are of relatively constant thickness. Branching may occur 
from mid-point in the length or at the tips: the branches may be similar or (more 
frequently) dissimilar in length and may themselves branch or ramify. 

The cingulum is broad, poorly marked by absence of processes and by the 
alignment of processes on its boundary: the sulcus is narrower and very poorly 
marked. No archaeopyle or similar opening was observed in the specimens 
examined. 

Figured Specimen: Slide L.C.V./5b at 104.5-37.9, Palynological Collection 
of the Department of Geology, University of Alberta, Edmonton, Canada. 

Locality and Horizon: Cobrico Swamp, Victoria, Australia; Holocene. 

Dimensions: Figured specimen: Length 42/a, breadth 42/x, length of processes 
3-7/a. Second specimen: Length 54/a, breadth 44/a, length of processes 3-8/a. (Two 
specimens seen.) 
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Remarks: In general morphology, these specimens resemble Aquadulcum 
myalupemis, differing only in details of process structure: it is probable that, 
when the Australian freshwater assemblages are fully known, they will be con¬ 
sidered as representatives, E. & W. on the subcontinent, of a single species—either 
differing at subspecific level or not at all. 

? Aquadulcum sp. A. 

(PL 21, figs. 10, 11. Fig. 7) 

Description: Cyst spherical to sub-spherical, with a thin wall composed of 
two shell layers. The surface of the periphragm lacks granulation or other orna¬ 
ment. The periphragm gives rise to a dense cover of processes, short (approxi¬ 
mately one-sixth of the short diameter), slender, erect to curved, cylindrical to 
tapering, commonly bifid, sometimes with branches of equal or (typically) unequal 
length. The cingulum is marked by lines of processes: it is broad and slightly 
laevo-rotatory. The sulcus is extremely poorly marked. 

The single specimen seen of this morphological type appears to exhibit an 
apical opening comparable to that of A. yanchepense : however, it is partly 
obscured by surrounding debris and could not satisfactorily be studied. 

Figured Specimen: Slide L.C.V./8 at 101.3-31.3, Palynological Collection 
of the Department of Geology, University of Alberta, Edmonton, Canada. 

Locality and Horizon: Cobrico Swamp, Victoria, Australia; Holocene. 

Dimensions: Figured specimen: Length 43/x, breadth 39/a, process length 
ranging from 4-7/x. 

Remarks: The single specimen encountered of this morphological type prob¬ 
ably represents an undescribed species related to A. yanchepense. It is tentatively 
placed in the genus Aquadulcum, in the absence of knowledge of the archaeopyle, 
on the basis of the relatively dense spine cover and overall shape, the presence 
of only a single type of process precluding its allocation to Cobricosphaeridium. 




Fig. 6 Fig. 7 

Fig. 6 —? A cf. yanchepense, in oblique ventral view, X c. 900. 
Fig. 7—? A sp. A., in unknown orientation, X c. 950. 
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Genus Muiradinium gen. nov. 

Derivation of Name: Based on the type locality of the type species: West 
Lake Muir, Western Australia. 

Diagnosis: Proximate dinoflagellate cyst, with a thin wall possibly composed 
of a single layer: no inner body is present. Ambitus diamond to spindle-shaped 
(varying with aspect), modified by the presence of nipple-like prominences at 
apex and/or antapex. Surface unornamented or with faint granulations or puncta- 
tions. Cingulum prominent, marked by a pronounced groove: sulcus very poorly 
marked. A suggestion of tabulation, by faint lines on the surface, may be present 
or absent: but a full tabulation is not determinable. Archaeopyle intercalary, small 
and placed very close to the apex. 

Type Species: Muiradinium dorsispirale (Churchill and Sarjeant, 1963) 
comb, nov., herein = Gymnodinium dorsispirale Churchill and Sarjeant, 1963, 
pp. 33-34, figs. 2, 18. Holocene, Western Australia. 

Remarks: This new genus differs from the genus Deflandrea in the lack of 
an inner body: from the cysts of Peridinium limbatum (recently re-studied by 
Evitt and Wall, 1968) in the character of its archaeopyle: from the cyst here 
described as ? Peridinium diamantum in the smaller size of the archaeopyle and 
the absence of a recognizable Peridinium -type tabulation: and from the genus 
Dinogymnium Evitt, Clarke and Verdier 1967 in the character of the archaeopyle 
and the absence of any system of mural pores. 

The identity of the dinoflagellate which formed this cyst remains a matter 
for speculation. The outline resembles that of some members of the Order Gym- 
nodiniales, four genera of which (Amphidinium, Gymnodinium, Gyrodinium and 
Massartia) are known from fresh water: but the shape of the archaeopyle and 
the occasional faint suggestions of a tabulation favour the possibility that this is 
the cyst of a freshwater member of the Family Peridiniaceae and probably of a 
species of the genus Peridinium (much the most abundant genus in fresh waters). 
This genus does contain biconical species: recent studies have suggested that, 
though its motile morphology is relatively constant, the morphology of its cysts 
is very variable and a future division of the genus into a number of new genera, 
on the basis of knowledge of the whole life cycle, seems probable. 

Muiradinium dorsipirale (Churchill and Sarjeant 1963) comb, nov., emend. 

(PI. 22, fig. 4-5) 

Cyanophyceae. Churchill 1960, 493, fig. 1, no. 4. 

Gymnodinium dorsispirale. Churchill and Sarjeant 1963, 33-34, figs. 2, 18; Downie and Sarjeant 

1964, 116; Evitt, Clarke and Verdier 1967, 6. 

Emended Diagnosis: Proximate cyst with a test whose ambitus may be 
diamond to spindle-shaped according to aspect. A nipple-like prominence is present 
at the apex, sometimes also at the antapex. The shell surface is densely but finely 
granular: occasionally it bears faint lines indicative of a reflected tabulation. The 
cingulum is well marked, deeply hollowed and bordered by raised ridges. It is 
slightly laevo-rotatory and sometimes exhibits transverse striations. The sulcus is 
poorly marked, broad at mid-point but narrowing towards apex and antapex. A 
small angular intercalary archaeopyle is present immediately below the apex: it 
appears formed by the loss of the equivalent of a single intercalary plate or of two 
very small plates. 

Holotype: Specimen West Muir 30.40/2, now lodged in the collections of 
the National Museum of Victoria, Melbourne, in slide P26436. 
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Dimensions: Holotype: Length 51^, breadth 39-5/a. Observed range: Length 
45-60/*. 

Remarks: This species was originally described from the Holocene (Atlantic 
Stage, 5000-3000 B.C.) of West Lake Muir, Western Australia. The assumption 
that this was a fossil motile dinoflagellate, which caused its assignation to the genus 
Gymnodinium, is certainly incorrect: on the one hand, because it is now con¬ 
sidered that the remains of motile dinoflagellate thecae are incapable of fossiliza- 
tion, and on the other hand, because re-examination of the type material has shown 
an ‘exit-hole’, an archaeopyle, to be constantly present. Evitt, Clarke and Verdier 
(1967), in a re-study of the fossil species placed in the genus Gymnodinium 
which led to the erection of the genus Dinogymnium to accommodate Cretaceous 
forms, noted that Gymnodinium dorsispirale did not appear attributable to that 
genus. Re-study of the type material entirely confirms their conclusion, for the 
West Australian forms have an archaeopyle of dissimilar type and lack the system 
of mural pores characteristic of Dinogymnium . 

The apparent torsion of the cingulum at dorsal mid-point, present in many 
specimens (though not in all), is most probably a distortional efTect produced 
during diagenesis (cf. Fig. 4 of Evitt, Clarke and Verdier) and has accordingly 
not been mentioned in the revised diagnosis of the species. 


Genus Peridinium Ehrenberg 1832 
? Peridinium diamantum Churchill and Sarjeant 1963 
(PJ. 22, fig. 2) 

? Peridinium diamantum. Churchill and Sarjeant 1963, 34, 36, figs. 3, 19; Downie and Sarjeant 
1964, 139. 

Remarks: This species was originally described from the Holocene (Atlantic 
Stage, 5000-3000 B.C.) of West Lake Muir, Western Australia. This is certainly 
a cyst, the presence of an opening in the epitheca being noted in the original 
description. A re-study of the holotype and of some other specimens confirms this 
to be an intercalary plate (21, in the notation of Evitt, 1967). No inner body 
is present: it was not possible to determine whether the cyst was composed of a 
single wall layer or of two layers. 

The nature of the (incompletely determined) tabulation and the character of 
the archaeopyle combine to indicate that this is a cyst of a freshwater member 
of the Family Peridiniaceae of, probably, a species of the genus Peridinium (much 
the most abundant in fresh waters) itself. The taxonomy of this genus must shortly 
be overhauled, in view of the realization that similar motile forms may have 
markedly dissimilar cysts and are thus the product of different evolutionary 
lineages: until this is done, it is considered that the species P. diamantum is best 
left within the genus Peridinium. 

The holotype is now lodged in the collections of the National Museum of 
Victoria, Melbourne, in slide P26436. 

Genus Muiriella (Churchill & Sarjeant 1963), emend. 

(Fig. 8) 

Muiriella. Churchill and Sarjeant 1963, 36-7; Downie and Sarjeant 1964, 134; Norris and 
Sarjeant 1965, 42. 

Muiriella plioplax. Churchill and Sarjeant 1963, 37-8, figs. 4, 20, 21; Loeblich and Loeblich 
1966, 41. 
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Emended Diagnosis: Proximate dinoflagellate cyst of spherical to ovoidal 
shape, with the tabulation ?', 3a, 6-?7", ?6c, V', 2p, 4p.c., I"", 3-?4s. Archaeo- 
pyle apical. 

Type Species: Muiriella plioplax Churchill and Sarjeant, 1963, emend. Har- 
land and Sarjeant, herein: Holocene, Western Australia. 

Remarks: A re-study of the holotype of the type species showed that what 
was originally considered damage at the antapex was, in fact, an archaeopyle. 
Since, in all cases studied to date, the archaeopyle of a dinoflagellate cyst is 
developed by loss of plates from the epitract, it was realized that the tabulation, 
as originally reconstructed, was inverted. This is here corrected and a revised 
diagnosis is accordingly formulated. 

Muiriella plioplax (Churchill and Sarjeant (1963), emend nov. 

(Fig. 8) 

Muiriella plioplax. Churchill and Sarjeant 1963, 37-8, figs. 4, 20, 21; Vozzhennikova 1963, 

171-186. Downie and Sarjeant 1964, 134; Norris and Sarjeant 1965, 42; Loeblich and 

Loeblich 1966, 41. 

Emended Diagnosis: A species of Muiriella having a roughly spherical test, 
with epitract and hypotract each forming a hemisphere. Cingulum of moderate 
breadth, laevo-rotatory: sulcus slightly broader, widening in its hypotractal por¬ 
tion, subdivided into three (or four) sections by transverse crests. Low crests 
define the tabulation; these give rise to short spines, commonly simple but some¬ 
times with bi- or trifurcate terminations. The relative length and spacing of the 
crest spines is variable. The apex is typically lost in archaeopyle formation. The 
posterior surface is occupied by a group of small plates, here considered to fall 
into two distinct groups arranged about a single antapical plate. 

Holotype: Specimen South Muir 0-10/1, peat at 0-10 cm. depth (late 
Atlantic Stages, 2500-3000 B.C.) South Muir, N. of Walpole, Western Australia. 
Now lodged in the collections of the National Museum of Victoria, Melbourne, as 
slide P26438. 

Dimensions: Holotype: Length 52*5/*, breadth 53-5 p., spines 3-5/x in length. 
Other specimens comparable. (12 specimens.) 



Fig. 8 —Muiriella plioplax (Churchill and Sarjeant, 1963), emend., holotype, West Muir 
30.40/2. Left: in oblique dorsal view. Right: in oblique ventral view. X c. 800. 
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Description: The condition, not only of the holotype but also of the other 
specimens contained in slide P26438, has markedly deteriorated in the period 
since the first study was made: the specimens appear to have contracted and 
folded, and it proved impossible to reconfirm all details originally observed. Fig. 8 
is therefore based in part on the original sketches, in part on the new observations: 
the description is a revised restatement of the earlier description. 

Shell yellowish brown, not (or only very minutely) granular. Apex lost in 
archaeopyle formation. Three anterior intercalary plates are present, situated on 
either side of the cingulum. Six or seven precingular plates arc present, the 
boundary between plates 3" and 4" being obscured (if present). Plate 1" is 
markedly reduced, plates 6" and 7" to a lesser degree, to accommodate the anterior 
intercalary plates. 

The cingulum forms a laevo-rotatory spiral such that its two ends differ in 
antero-posterior position by the furrow’s width: it is subdivided into at least six 
cingular plates. The sulcus is divided into three or four plates by transverse crests. 

Eight postcingular plates were recognized, with plate 8'" reduced to accom¬ 
modate plate 2p. A cluster of small plates surrounds the antapex. 

The crests delimiting plates and furrow boundaries have the form of low ridges, 
from which arise strong, short processes. These processes typically have closed 
tips, but in at least two instances on the holotype, they appear to take the form 
of tubes open distally. 

Remarks: The large number of plates and the not particularly characteristic 
shape combine to make the relation of this cyst to any particular motile dino- 
flagellate genus a matter for speculation. The deterioration of the type material 
is regrettable: it may result from partial drying out of the mountant. The specimens 
from Myalup, Western Australia (mentioned in the original description) were not 
available for re-study. 


Group Acritarcha Evitt 

Subgroup Acanthomorphitae Downie, Evitt & Sarjeant 1963 
Genus Creberlumectum gen. nov. 

Derivation of Name: L.: creber, thick, dense; lumectum, thorn-thicket, in 
reference to the spine cover characteristic of this genus. 

Diagnosis: Acritarchs of ovoidal to ellipsoidal shape, with processes dis¬ 
tributed generally, and without arrangement, over the shell surface, typically short 
and of variable character. Shell surface smooth, granular or punctate: shell wall 
typically or constantly two-layered. No archaeopyle or other opening has been 
recognized. 

Type Species: Creberlumectum telmaticum (Churchill and Sarjeant, 1963) 
Harland and Sarjeant, comb, nov., herein = Baltisphaeridium telmaticum Churchill 
and Sarjeant, 1963, pp. 44-5, Figs. 13, 32. Holocene, Western Australia. 

Remarks: The group of elongate, spinose species from Western Australia 
remain of uncertain affinity, but their morphology does not accord with the re¬ 
vised diagnosis of the genus Baltisphaeridium proposed by Staplin, Jansonius and 
Pocock (1965), nor do they fall within the compass of the other genera formu¬ 
lated by those authors. Accordingly, a new genus is here proposed, defined by the 
shell shape and the absence of any form of opening. 
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Creberlumectum telmaticum (Churchill and Sarjeant 1963) comb. nov. 

Baltisphaeridium telmaticum. Churchill and Sarjeant 1963, 44-5, figs. 13, 32; Downie and 
Sarjeant 1964, 97. 

Remarks: The holotype is now lodged in the collections of the National 
Museum of Victoria, Melbourne, as slide P26444. The specimen figured as Balti- 
sphaeridium cf. telmaticum (now Creberlumectum cf. telmaticum) is similarly 
lodged, in slide P26443. 

Creberlumectum tinglewoodense (Churchill and Sarjeant 1963) comb. nov. 

Baltisphaeridium tinglewoodense. Churchill and Sarjeant 1963, 42-4, figs. 12, 29; Downie and 
Sarjeant 1964, 97. 

Remarks: The holotype is now lodged in the collections of the National 
Museum of Victoria, Melbourne, as slide P26440. 

Creberlumectum clavispinulosum (Churchill and Sarjeant 1963) comb. nov. 

Baltisphaeridium clavispinulosum. Churchill and Sarjeant 1963, 41-2, figs. 14, 31; Downie and 
Sarjeant 1964, 88. 

Remarks: The split in the wall of the holotype appears more like random 
damage (resulting from compression?) than a preformed opening: not all speci¬ 
mens showed such a split. The holotype is now lodged in the collections of the 
National Museum of Victoria, Melbourne, as slide P26442. 

Creberlumectum quaternarium (Churchill and Sarjeant 1963) comb. nov. 

Baltisphaeridium quaternarium. Churchill and Sarjeant 1963, 46-7, figs. 16, 33; Downie and 
Sarjeant 1964, 95. 

Remarks: The holotype is now lodged in the collections of the National 
Museum of Victoria, Melbourne, in slide P26441. 

Creberlumectum echiniplax (Churchill and Sarjeant 1963) comb. nov. 

Baltisphaeridium echiniplax. Churchill and Sarjeant 1963, 46, figs. 11, 26; Downie and Sarjeant 
1964, 89. 

Remarks: The holotype (whose condition has markedly deteriorated) is now 
lodged in the collections of the National Museum of Victoria, Melbourne, in slide 
P26439. 

? Creberlumectum sp. A. 

? Baltisphaeridium sp. A. Churchill and Sarjeant 1963, 47-8, figs. 9, 27. 

Remarks: The possession of a circular terminal opening in the unique speci¬ 
men renders this attribution dubious. The specimen is now lodged in the collections 
of the National Museum of Victoria, Melbourne, in slide P26445. 

? Creberlumectum sp. B. 

Baltisphaeridium sp. B. Churchill and Sarjeant 1963, 48, figs. 15, 28. 

Remarks: The spherical to subquadrate shell shape of this specimen renders 
its attribution to Creberlumectum inappropriate: but it is considered better placed 
in a genus known from non-marine Quaternary sediments than in one that is 
exclusively marine and not confidently recorded from post-Mesozoic sediments. 
Undoubtedly transfer to another genus will ultimately prove necessary. The figured 
specimen is now lodged in the collections of the National Museum of Victoria, 
Melbourne, in slide P26443. 
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Creberlumectiim sp. C. 

Baltisphaeridium sp. C. Churchill and Sarjeant 1963, 49, figs. 17, 30. 

Remarks: The unique specimen is now lodged in the collections of the 
National Museum of Victoria, Melbourne, in slide P26444. 

Incertae Sedis 
Organism No. 1 

Organism No. 1. Churchill and Sarjeant 1963, 49-50, figs. 7, 25. 

Remarks: The affinities of this form remain obscure. The figured specimen 
is now lodged in the collections of the National Museum of Victoria, Melbourne, 
in slide P26443. 


Conclusions 

This paper has described three new genera and four new species of dino- 
flagellate cysts together with one new acritarch genus, all from freshwater deposits 
in Australia. The taxonomy, as presented here, results from a study of new material 
from Victoria and a re-appraisal of material already described from South-Western 
Australia by Churchill and Sarjeant (op. cit.). 

A brief introduction has been given to the geological setting of the deposits 
at Cobrico Swamp, Victoria, earlier in this paper. Table 1 (below) shows the 
distribution of samples; depth, within the peat, at which they were taken; and the 
number of dinoflagellate cysts observed in each slide. 

Table 1 


Slide No. 

Depth in cm. 

Code No. 

No. of Microplankton 

20 

150 

LCV/1 

1 

21 

150 

LCV/1 

1 

27 

170 

LCV/2 

1 

28 

180 

LCV/3 

1 

60 

260 

LCV/4 

1 

79 

320 

LCV/5 

4 

80 

320 

LCV/5 

3 

81 

320 

LCV/5 

4 

85 

340 

LCV/6 

7 

86 

340 

LCV/6 

8 

88 

350 

LCV/7 

6 

90 

350 

LCV/7 

4 

94 

360 

LCV/8 

5 

100 

380 

LCV/9 

8 


Dinoflagellate cysts make up less than 1% of the total palynomorph popula¬ 
tion in all cases. Fig. 9 is an attempt to show the distribution of the dinoflagellate 
cysts within the peat deposit and to graph the number of cysts observed in each 
slide. It may be seen that a peak is reached at 340 cm. depth in both numbers 
and variety of cysts. No significance can be given to this observation as it could 
easily be a result of a preservation effect or a sample bias, especially in the light 
of the numbers of cysts present. Further study alone will reveal whether some 
kind of zonation could be developed for deposits such as these, but for the moment 
the authors feel obliged only to tabulate the results, and reserve comment. 

It is hoped, however, that this paper has brought some perspective to this 
particular field of dinoflagellate study, and we look forward to its continuing 
development. 
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Depth in cms. 

Fig. 9—Distribution table of microplankton at Cobrico Swamp; solid line indicates 
presence, checks indicate probable range and ‘p’ indicates presence where not possible 
to indicate otherwise. Frequency of microplankton in relation to depth is also depicted. 
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Explanation of Plates 

Plate 21 

All figures at X 750 magnification unless otherwise stated. 

Fig. 1— Cobricosphaeridium hebes sp. nov., holotype, showing the well defined apical archaeo- 
pyle and the nature of the test ornamentation. 

Fig. 2— C. hebes sp. nov., holotype, again showing the archaeopyle and the nature of the 
ornamentation. 

Fig. 3— C. spiniferum spiniferum subsp. nov., holotype. 

Fig. 4— C. spiniferum elegans subsp. nov., holotype, showing the nature of the delicate pro¬ 
cesses and surface ornamentation. 

Fig. 5— C. spiniferum elegans subsp. nov., holotype. 

Fig. 6— C. spiniferum spiniferum subsp. nov., holotype, showing the two distinct process types 
that are characteristic of the genus, X 2000. 

Fig. 7— Aquadulcum serpens sp. nov., holotype, showing the sulcus, cingulum and general 
morphology. 

Fig. 8— A. serpens sp. nov. t holotype, showing the vermiculate ornamentation. 

Fig. 9— ? A . cf. yanchepensc, showing the general cyst morphology. 

Fig. 10—? A. sp. A., showing the genentl morphology. 

Fig. 11—? A. sp. A., showing the nature of the cingulum. 

Plate 22 

All figures at X c. 1150 magnification. 

Fig. 1— Muiriella plioplax (Churchill and Sarjeant,), emend. The holotype (now in poor 
condition), showing the apical archaeopyle. 

Fig. 2—? Peridinium diamantum (Churchill and Sarjeant). The holotype, showing the two- 
plate intercalary archaeopyle. 

Fig. 3—? Aquadulcum yanchepensc sp. nov. The holotype, showing the apical opening. 

Fig. 4— Muiradinium dorsispirale (Churchill and Sarjeant), comb. nov. A paratype, showing 
the small intercalary opening. 

Fig. 5— Muiradinium dorsispirale (Churchill and Sarjeant), comb. nov. To show the form 
of the cingulum and the tabulation traces. 
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Ecological Effects of Rabbit Reduction on Rabbit Island, 
Wilsons Promontory, Victoria 

By F. I. Norman 

Fisheries and Wildlife Department, Research Centre, Brown Street, Heidelberg, Victoria 3084 

Abstract 

With reduction of rabbits on Rabbit Island, Wilsons Promontory, Victoria, an increase 
in vegetation and changes in the muttonbird rookery distribution occurred. A previously 
eroded area became colonized by plants, and by rookeries of Puffinus tenuirostris . 

During the three-year study period a previously eroded area of 16 acres of blown sand 
was recolonizcd, and the eroded area reduced to 1-5 acres. A succession of plant communities 
occurred in which annuals were replaced by perennial tussocks of Poa poiformis. Nesting 
Puffinus tenuirostris entered the sequence during this process. It is postulated that the centre 
of the island will revert to shrubby communities with a peripheral grassland containing mutton- 
bird and penguin rookeries. 

Introduction 

The introduction of rabbits is well known to result in modification to the 
ecosystem; this impact is often particularly marked on islands. Watson (1961b) 
gave details of an extreme example where, on two Pacific islands (Lisianski and 
Laysan), vegetation was completely removed by rabbits. On Laysan Island this 
resulted in the extinction of two bird species and one subspecies, and eventually 
of the rabbits themselves. It was only then that the vegetation recovered to the 
extent that albatrosses returned to nest (Bailey 1956). Similar sequences of events 
have been recorded for Phillip Island, in the Hawaiian Group (Watson 1961a), 
and for Smith Island, near Washington, U.S.A. (Couch 1929). 

Gillham (1955) recognized the importance of rabbit grazing on Pembrokeshire 
(U.K.) islands. She demonstrated that the flora was modified both by wind and 
grazing, the latter the more important factor. Inhibition of plant growth may also 
occur as the result of trampling and burrowing (Gillham 1956). Burrowing, 
according to Gillham, has three main effects, viz.: 

(a) direct effect in exposing parts normally buried, and burying parts 
normally exposed 

(b) initiation of wind and water erosion 

(c) alteration of atmospheric conditions below ground. 

At the same time, she stated that any disturbance of the soil appears to attract 
rabbit attention. Because of this, any community once disturbed is more likely 
to be further disturbed, so that burrowing becomes an important initiator of erosion 
by wind. 

Rabbits have been held responsible for soil erosion on Macquarie Island 
(Carrick & Costin 1959). In rabbit-grazed areas vegetation showed graduations 
to bare areas where soil had been removed by erosion. On steeper slopes soil slip 
occurred, and in herbfield regions seedling germination was restricted with the 
result that some plant species were slowly disappearing from the communities. 
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Costin and Moore (1960) thought that the ecosystem on Macquarie Island, with 
a small number of plant species, was less stable than others containing a higher 
total number and they considered that there was no buffer species present to offset 
the selective rabbit grazing. Rabbit grazing, according to Holdgate and Wace 
(1961), caused the breakup of a community of 23 species and led to widespread 
erosion when directed at the dominant Poa foliosa. They later showed that reduc¬ 
tion of plant communities on the lies Kerguelen had resulted in the restriction of 
previous dominant species to rabbit-free islets and cliffs. 

Rabbits were introduced to several Bass Strait islands as a potential food 
source. This occurred on Citadel Island, six miles off the western side of Wilsons 
Promontory. Comparison of a photograph taken there in 1913 (made available 
by the Director of Lighthouses, Commonwealth Department of Shipping and 
Transport) with a later description of the island (Gillham 1961) indicates that 
the vegetation was reduced in this period. Now Poa tussock is almost completely 
absent and the few muttonbirds, Puffinus tenuirostris Temmick, breeding on the 
island utilize rock crevices (Dr D. F. Dorward, pers. comm.). 

The rabbit, then, is the cause of considerable desolation on islands where the 
simplified ecosystem, developed in the absence of herbivores, has no resistant 
buffering species of plant. Modification, and sometimes destruction of the native 
vegetation adversely affects the bird species which may have utilized the vegeta¬ 
tion, or the soil beneath it. Since local declines of muttonbird populations have 
been attributed to introduced mammals, Rabbit Island offered an opportunity to 
study the effects of the rabbit on the muttonbird. Accordingly a programme was 
initiated there in 1965. 


The Programme on Rabbit Island 

Rabbits were introduced on to Rabbit Island in 1836 (Stokes 1846) as a food 
source for shipwrecked persons. Since that time erosion of soil, due to the removal 
of vegetation, has led to a sand blow across the centre of the island. This was 
first noted in the literature by Gillham (1961) and she also observed that the 
eroded area contained the remains of an extensive muttonbird rookery. 

It was decided to examine the effects of erosion, including the rabbit’s par¬ 
ticipation in erosive processes, on muttonbird rookeries on the island. Elimination 
of the rabbit population would, it was hoped, halt the erosion and enable the 
eroded areas to become vegetated to the extent that rookery areas might increase. 

Methods 

During the period May 1965 to September 1968, nine visits were made to the 
island. In May and October 1965, the distribution of the various plant species was 
noted and a simplified vegetational map made. New species found on later visits 
were also recorded. 

A trigonometric survey point, present on the island’s summit, was used as a 
base mark for surveying the sand blow. By using a chain and prismatic compass, 
the position of stakes around the edge of the sand blow were determined and 
plotted on a plan of the area. Measurement from these numbered stakes towards 
the centre of the blow enabled accurate limits of two Senecio lautus zones to be 
determined. Changes in the eroded area were observed by using the stakes as 
markers on succeeding visits. The blow was surveyed again in August 1966. 

Line transects, to indicate vegetational changes during the study, were taken 
along two routes. The first was from the southern end of the sand beach on the 
western side of the island; the second was taken across the eroded area, from a 
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peg fixed in position in August 1966, to the trigonometric point. In both transects, 
cover by each species was estimated for intervals of ten feet and expressed as a 
percentage. 

To gather evidence of any change in the distribution of muttonbird burrows 
following the removal of rabbits, rookery distribution was determined on the first 
visit, during the 1964-65 breeding season. Observations were also made in 
December 1967 and June 1968, after the 1967-68 breeding season, and again 
in September 1968 after the start of the 1968-69 season. In the latter visit, 
transects were taken across the sand blow and counts made of the burrow entrances 
encountered. Since in the 1964-65 breeding season the burrow limit was equiva¬ 
lent to the Poa boundaries, this enabled a measure of the change in rookery 
distribution to be made. 

An indication of burrow stability under various vegetation-sand combinations 
was gained in March 1966. During this visit, transects were taken through portions 
of rookeries in three main categories, viz. pure sand, sand partially (less than 
50 per cent) colonized by Poa poiformis and Carduus tenuifloris, and in pure 
P. poiformis . The burrows touching the transect line were counted and the ratio 
of collapsed to non-collapsed burrows used as a measure of burrow stability in 
each particular situation. 

Though it was hoped to start the programme with a relatively large rabbit 
population, myxomatosis had removed the majority of the population by the time 
of the first visit (May 1965). It was obvious that poisoning would have to be 
used as a control measure for the remaining animals and 1 am grateful to Mr 
G. W. Douglas of the Vermin and Noxious Weeds Destruction Board for arrang¬ 
ing this. The island was first poisoned in January 1966 with sodium fluoracetate- 
impregnated carrot pieces (standard ‘1080’ poisoning). The small carrot pieces 
were distributed around the summit on this and on later visits since the majority 
of droppings were found in this area. Bait was also scattered wherever signs 
(droppings, scratch-marks or freshly grazed plants) appeared on the northern or 
southern end of the island. Poisoning was carried out in March and August 1966 
and March and December 1967 on the ‘one-shot’ basis (see Gooding 1961 for 
details). 

Results 

The vegetation and physical features of Rabbit Island as found in 1965 have 
been recorded earlier (Norman 1967). The botanical changes following rabbit 
reduction had a profound effect on muttonbird distribution and are presented 
below, with particular reference to the changes which occurred over the main 
study area, the sand blow. Changes in the rabbit population, as reflected by relative 
indices, are presented prior to discussion of changes in rookery area which followed 
the increasing stabilization in the eroded area. 

1. Changes in the Rabbit Population 

During the study period no live rabbit was seen on the island. (All visits were 
during daylight hours.) Approximately 150 corpses were present in May 1965. 
Fresh"droppings and scratch marks, together with grazed plants, were then found 
around the summit. Few traces were observed during the remainder of the pro¬ 
gramme and these, mainly droppings and fresh scratches, have been summarized 
in Table 1. The table gives an indication of the observable activity of the island 
rabbit population and may be considered as an index of total population size. 
After myxomatosis, damage to plants decreased and has remained at a low level 
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during the study. Indeed in 1968, it was not possible to find plants which had been 
grazed; fresh droppings were few (three locations in June and none in September) 
and scratch marks were found once in June. 

Table 1 

Summary of observations on rabbit activity 
-f-++ = maximum for study period, -f-f- = moderate, -j- = traces, * = poison laid 


Date 

Poison 

Scratch 

marks 

Fresh 

droppings 

Grazed 

plants 

Comments 

May 1965 

_ 

+ + + 

+ + + 

+ + 

c. 150 corpses 

October 

— 

+ + 

— 

+ 


January 1966 

* 

+ 

+ 

+ 


March 

* 

+ 

+ 

+ 


August 

* 

+ 

+ 

+ 

1 fresh corpse 

March 1967 

* 

+ 

+ 

— 


December 

* 

+ 

+ 

— 


June 1968 


+ 

+ 

— 


September 

— 

— 

— 

— 



2. Changes in the Island’s Vegetation 

(a) The Main Sand Blow Area 

In May 1965 the extent of the eroded area was surveyed and the boundaries 
mapped (Fig. 1). At this time the sand blow covered 16 acres, i.e. 20 per cent 
of the total 80 acres. Poa tussock bounded the area, with large belts of Senecio 
along the northern and southern edges. The island’s summit was almost devoid 
of vegetation though occasional clumps of 5. lautus extended into the bare area. 
A new growth of P. poijormis appeared at the southern edge of the blow in March 
1966, when an increase in Juncits pallidus was noted. 

The situation had changed by the time of the August 1966 visit. Whilst the 
course of the sand blow had ceased to be a dominant feature of the island, it was 
still discernible. Only at two sites were there areas of completely bare sand; these 
were surveyed (Fig. 2) and found to occupy 1*5 acres. Senecio communities, 
present on the earlier visits (Fig. 1), were generally decreased, with Poa replacing 
them. By March 1967 the eroded western area was still present but by December 
1967 this became vegetated. Large communities of Carduus tenuiflons and Poa 
had colonized the site on the eastern side, Poa had spread across the blow and 
was found up to the summit. Occasional Juncus communities had increased up the 
slope and some 20 Acacia longifolia and 3 Olearea axillaris seedlings were found 
in the blow region. 

The gross changes in vegetation across the sand blow region are indicated by 
transects shown in Fig. 3-7. These line transects were made along the same route, 
from a fixed peg to the trigonometric survey point, in August 1966, March and 
December 1967, and June and September 1968 respectively. The changes in 
importance of several species, and extent of bare earth, are given in Table 2 which 
shows the total cover of each species over the whole transect route. Cover was 
determined by line intercept and expressed for each species as a percentage of the 
transect length. PI. 23 (top) shows the general increase in vegetation over the 
previously eroded region and this should be compared with PI. 35 in Norman 1967. 

Two other comparative transects were made, shown here as Fig. 8, and as 
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Fig. 1—The sand blow area as surveyed in March 1965. The trigonometric survey 
point, which is in the blow, is indicated by a small solid triangle. The limits of Poa 
poiformis are shown by the solid line whilst the interrupted line shows the Senecio 

lautus belt. 



Fig. 2 —The sand blow as surveyed in August 1966. Symbols as in Fig. 1. 
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Fig. 3 —Line transect from fixed peg to the trigonometric point at 175°; 490 ft long 
with intervals of ten ft. August 1966. 
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Fig. 4—Line transect from fixed peg to trigonometric point. March 1967. 
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Fig. 5 —Line transect from fixed peg to trigonometric point. December 1967. 

Fig. 2 in Norman 1967. The difference in transect length is the result of a slight 
difference (less than i°) in angle and also to the alteration in structure of the 
sand beach. From these two transects it can be seen that plant cover has increased, 
with a corresponding decrease in bare areas of sand. Representation of P. poiformis 
has increased markedly, from 41 per cent of the total transect cover to 61 per cent, 
whilst Juncus showed an initial increase from 5 4 to 16 per cent, then a decrease 
to 2-9 per cent. 

In summary, the eroded area became sparsely colonized with ephemerals and 
annual grasses such as P. annua. In the absence of rabbit grazing a succession 
developed and, following Senecio , P .poiformis rapidly spread across the blow. 
This colonization led to a corresponding decrease in areas of bare sand. During 

Table 2 

Changes in the sand blow vegetation: total cover afforded by major species along the standard 
transect route as a percentage of the total cover 




1966 

1967 

1968 

August 

% 

March 

% 

December 

% 

June 

% 

September 

% 

P. poiformis 

40-8 

50-4 

60-4 

69-6 

61-0 

S. lautus 

8-3 

001 

0-4 

1-6 

2-4 

J. pallidus 

5*4 

160 

7-9 

5-1 

2-9 

K. prostrata 

0-2 

1-6 

100 

14-7 

16-9 

Earth/sand 

42-2 

36-2 

19-4 

7-9 

15-4 


Percent cover 
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Fig. 6 —Line transect from fixed peg to trigonometric point. June 1968. 


this time, low prostrate species such as Kennedya and Carpobrotus aided in the 
stabilization process and formed large communities which were still present at the 
end of the study. Cotula australis and Urtica urens, species which were widespread 
in August 1966, gradually disappeared after this time though Pelargonium australe, 
whiclfhad also been well distributed, remained in small clumps. 

(b) Rookery to the South of the Sand Blow 

The portion of rookery vegetation bordering the southern end of the sand blow 
had, in March 1966, become almost flattened. Poa tussocks had dried out and 
stems had been broken off by birds, and probably wind, to become mixed with 
the bared soil. By August 1966 however, the bare area had become revegetated. 
Senecio lautus was the co-dominant species whilst fresh tussock and Urtica urens 
formed large communities. Within this area, small bare patches still occurred 
around burrows with P. annua, Cotula australis, S. lautus and U. urens. Occasional 
large clumps of Solanum laciniatum had appeared and were flowering; small com¬ 
munities of Sonchus oleraceus and Cardans tenuifloris were infrequently distributed 
throughout the area. A similar pattern of degeneration and destruction of rookery 
vegetation was noted during the two succeeding seasons. The restriction of seedling 
regrowth of Poa annua etc. in 1967-68 was probably due to the very dry year. 

(c) The Beach Region 

The beach was backed by Cakile maritima and three individual A triplex hastata 
bushes were present in May 1965. In August 1966, stream banks had been bared 
for some distance from the beach. Penguins were considered to be responsible for 
keeping down regeneration in the area and for continually disturbing the soil 
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Fig. 7—Line transect from fixed peg to trigonometric point. September 1968. 


surface. The embryo dune system had been partially destroyed by August as the 
result of strong westerlies; these had also caused the formation of a wave bank 
higher up the beach. Large stems of A triplex had been dislodged by wave action. 
The level ground, whilst still dominated by Cakile, showed much growth of A triplex 
and P. poiformis. A dense community of marram grass, Psamma (= Ammophila) 
arenaria had appeared and spread up the hillside from the beach. By March 1967, 
the marram grass had covered approximately a third of the beach flat. By December 
1967 it had spread slightly further up the hill, Cakile had almost disappeared and 
the A triplex had slightly decreased. The wave bank had developed considerably 
by June 1968, in places reaching 3 ft. A triplex was well developed along the central 
fore-region of the supra littoral zone, though marram grass had decreased and 
Cakile had been extensively replaced by Tetragonia implexicoma. 

(d) The Total of Recorded Plant Species 

In my earlier report I listed 35 vascular species, including nine aliens, which 
had been collected on Rabbit Island. Since then a further 11 "have been recorded 
making the island total 46 (see Table 3 below). Gillham (1961) constructed a 
species:acreage ratio for several Promontory islands and for Rabbit Island the 
ratio was 1:3-75, with 24 plants recorded on the 90-acre island. This was a 
similar record to that for Cliffy Island. Gillham considered that rabbits were 
depressing the total on Rabbit Island, making this island out of sequence in the 


Percent cover 
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Fig. 8 —Line transect from HWM on sand beach to trigonometric point (110°); 840 ft 
long with ten ft intervals. August 1966. 

correlation of exposure and species:acreage ratios. Whilst the new total gives a 
ratio of about 1:1*8, and brings the island more into line with the series presented 
by Gillham, the increase in plants recorded may just reflect different collection 
times. Nevertheless, some species, such as Kennedya, have appeared on transect 
routes (Figs. 3, 5) and have increased in the absence of rabbits. 

3. Changes in Muttonbird Rookery Distribution 

In May 1965 the limits of muttonbird rookery were precisely those of the Poa 
tussock, which bordered the sand blow at that time. Whilst there were occasional 
burrows in the sand, the density was very low (much less than one burrow per 
20 square yds). The rookery boundaries were therefore mapped out at the same 
time as the boundaries of the eroded area and the results are shown in Fig. 9, in 
which the occupied area has been separated into dense, occasional and rare. 

In December 1967 the correlation between Poa and rookery was less definite 
and the boundaries, as estimated by eye, had moved in towards the centre of the 
old blow area. The two small eroded areas previously existing on the eastern and 
western side (August 1966) had become small rookeries after their colonization 
by plants. The central region was the only area lacking new burrows, though soil 
depth here was limited. 

In September 1968, after the start of the 1968-69 breeding season, the sand 
blow area was surveyed using positioned transects. Burrow counts along these 
lines were measured at ten-feet intervals and boundaries thus determined were 


Percent cover 
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Fig. 9—Estimated rookery distribution in May 1965; burrow concentration expressed 

as dense, occasional and rare. 

joined to form Fig. 10. This clearly indicates the spread of rookery into the 
previously eroded area. 

During the programme a measure of burrow stability was obtained by cal¬ 
culating the proportion of collapsed to open burrows in three main vegetation 
categories. In pure sand, only 50 burrows were counted and the ratio was 1:1; in 
sand partially stabilized with occasional P. poiformis and dead C. tenuiftoris the 
ratio was again 1:1 (n = 102). In rookery under pure P. poiformis a ratio of 9:2 
was obtained in favour of open burrows (n = 111). 

Discussion 

In May 1965 the flora of Rabbit Island was a restricted one dominated over 
most of the island by Poci poiformis (Norman 1967). At that time there was an 
extensive sand blow crossing the island from slightly above the western sand beach, 
across the summit and over to the eastern cliffs. The eroded area, which had once 
contained a inuttonbird rookery, occupied 16 acres in May 1965 (Fig. 1). The 
line transects taken across the sand blow during the study (Fig. 3-6) indicate the 
considerable regeneration of vegetation which has taken place over the past three 
years. The decrease in eroded area (compare Fig. 1 & Fig. 2) had, by the end of 
the programme, continued to the extent that the 15 acres of bare sand present in 




246 


F. I. NORMAN 


Table 3 

Plant species recorded for Rabbit Island , Wilsons Promontory 


Pteridium esculentum 
Microsoft um diversifolium 
Asplenium obtusatum 

* Vulpia bromoides 
%*Poa annua 

Poa poijormis 
t*Ammophila arenaria 
Scirpus nodosus 
Juncus pallidus 
Dianella revoluta 
Bui bine semibarb at a 
Bulbine bulbosa 
*Urtica urens 
Muehlenbeckia adpressa 
tA triplex cinerea 

* A triplex hast at a 
§Rhagodia baccata 

Disphyma australe 
Carpobrottus rossii 
t Tetragonia tetragonoides 
Calandrina calyptrata 
*Stellaria media 
*Spergularia media 
Cakile maritima 


Crassula sieberiana 
Crassula helmsii 
§ Crassula sp. 

§ Acacia longifolia 
%Pultenaea daphnoides 
§ Kennedy a prostrata 
tPelargonium australe 
Correa alba 

Leptospermum laevigatum 
*1 Lissanthe strigosa 
Cyathodcs acerosa 
'tSolanum laciniatum 
f Wahlenbergia quadrifida 
Lobelia alata 
§*Erigeron bonarienses 
Olearia axillaris 
%Hclichrysum dendroides 
Cotula australis 
Cotula coronopifolia 
Senecio lautus 
*Carduus tenuifloris 
Sonchus oleraceus 


* = introduced species; all others are native 
t = March 1966 
t = August 1966 
% = December 1967 

§ zr June 1968, all others were collected in 1965 or recorded by Gillham (1961) 
Island total = 46 vascular species; 9 alien species = 19*5% 


August 1966 had become vegetated. Further evidence of the increase in ground 
cover by plants is given in PI. 23 (top) and Fig. 7. During the programme, the 
reduction of the rabbit population, initially by myxomatosis and then by ‘1080’ 
poison, is considered to be the only factor to have changed in favour of the vegeta¬ 
tion. Indeed during 1967, a drought year in Victoria, the rainfall recorded for that 
area (at Wilsons Promontory lighthouse) was 15 inches less than the average of 
40-9 inches. The decrease in observed rabbit activity has been summarized above, 
in Table 1. 

The increase in vegetation has had a noticeable effect on the distribution of 
muttonbird burrows on the island (Figs. 9, 10). Whilst the birds have not com¬ 
pletely colonized the blow area, the rookeries of the northern and southern edges 
have expanded into the area. The deeper sand on the eastern side above the cliffs 
has also become colonized. Burrows had increased in density on the western side 
after the 1966-67 breeding season and had appeared almost to the summit by the 
next season. 

Elsewhere, several authors (e.g. Couch 1929; Watson 1961b) have shown 
that rabbits are capable of denuding island vegetations and seriously affecting the 
nesting species of birds which were utilizing the habitat. On Rabbit Island I 
suggested that removal of vegetation across the central portion led to the collapse 
of burrows and eventually to the decrease of rookery in the area (Norman 1967). 
It seems probable however that the destruction across the central region was 
secondary to the removal of scrub cover in the region. Then Poa, and later birds, 
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Fig. io —Rookery distribution in 1965 and 1968. Outline of sand blow in 1965 (which 
corresponded to rookery limits) is shown; distribution in 1968 estimated from transects 

taken across the previously eroded area. (Transect routes shown as.and presence 

of burrow by o .. o.) 

invaded the area. Erosion followed after the establishment of the tussock and it is 
this latter stage, the effect of rabbits on a Foa-dominated rookery, which will be 
considered further. 

Gillham (1961) considered that drought, birds and rabbit grazing were the 
main cause of the relatively uniform, poor flora of the island. She thought (Gillham 
1962) that an equilibrium was set up between plants and rabbits, each limiting 
the other in a dry season such as 1959 (and indeed 1967). Poa shoots were, she 
considered, the only source of food utilized. Results obtained during this present 
study show that the rabbit population must have been responsible for the suppres¬ 
sion of species such as Kennedya and the prevention of maturation of seedling 
scrub species. Birds are also responsible for partial destruction of rookery floras 
(Gillham 1961 a & b). Norman (1967) gave some evidence that localized erosion 
was caused on the island by penguins and muttonbirds. Tracks on the western 
side, from the sand beach, are kept open by penguins moving in and out of nesting 
areas (PI. 23, bottom). The muttonbird, on the other hand, is responsible for 
damage and destruction of tussock during its breeding season. This was particularly 
noticeable along the western side where the earth was almost devoid of cover in 
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the 1966-67 and 1967-68 breeding seasons. This damage is of only a temporary 
nature, since autumnal rains initiate regrowth of tussock and annual species shortly 
after the birds leave. Such short-term changes in the rookery vegetation are not 
necessarily disadvantageous to the burrowing species. Whilst during the breeding 
season destruction appears remarkably complete, the overwinter recovery is suffi¬ 
cient to maintain the simplified, though possibly specialized, ecosystem and to pre¬ 
serve a status quo in which the damaged tussock is invaded by ephemerals and 
ruderals such as Senecio or P. annua before the tussock can seed and regenerate 
(see also Gillham 1960b). Such destruction may, however, assume greater im¬ 
portance when the rookery vegetation is also subjected to intensive grazing by 
rabbits in a dry year; the stress applied to the vegetation would, at this time, be 
directly related to the size of the rabbit population. That this may become high is 
indicated by estimates of between 150 and 200 rabbits on Motunau Island, N.Z. 
(Taylor, in Burton 1967), which is only nine acres overall. 

In the drier summer periods, and in dry years, the grazing and scratching for 
roots would tend to suppress expansion of existing communities and to prevent 
seedling growth. In the presence of high rabbit populations the localized erosion, 
present under normal conditions in muttonbird rookeries, can become accentuated. 
Burrows, or initially their entrances, are known to be centres of erosion (Gillham 
1956) and wind and rain can act on the bared area around the burrow. Since 
the birds themselves cause localized destruction (see above) and also break root 
systems as they burrow, there is an increasing lack of stabilization in dense nesting 
areas as the season advances. Guano deposition would also aid the process of 
destruction (Gillham 1960a), particularly in years of low rainfall. In consequence, 
small areas of erosion would in time coalesce, eventually forming the sand blow. 
On Rabbit Island the process has not taken long; clearing of the island is presumed 
to have started prior to 1846 (when Haydon recorded the presence of a hut and 
garden on the island) and to have been assisted by fires, some of which have 
swept the island in recent time (Norman 1967). None the less, Citadel Island has 
suffered a more complete destruction (Gillham 1962) in a shorter period since 
rabbits were first introduced there in 1913. Acceleration of erosion on both islands 
may have resulted, and almost certainly has done on Rabbit Island, from the 
instability of a soil which is mainly sand. The central region on Rabbit Island 
(assumed to have been colonized by birds and Poa after clearing) is likely to have 
had an unstable equilibrium set up between burrowing birds and rabbit grazing, 
and one considerably less stable than within the longer^established rookeries along 
the coast. Removal of the rabbit population led immediately to a decrease in the 
grazing pressure and an increase in the species total. This was then followed by 
colonization by Poa seedlings. 

Such a rapid colonization, following removal of grazing pressure, has been 
assisted by several factors favourable to regeneration of the flora. Poa seeding has 
undoubtedly been achieved from the stands at either end of the island, and the 
Promontory has probably acted as a seed supply for other seedlings. The presence 
of a reasonable depth of soil, and nutrients from bird faeces, pVobably enabled 
establishment to take place rapidly; in areas of minimal soil, succession would 
take considerably longer. Further, regrowth in the area is assisted by the relatively 
high rainfall of about 40", and even more importantly, by the mean monthly 
relative humidity in the area which, as recorded at Wilsons Promontory, remains 
above 75 per cent throughout the year (Bureau of Meteorology 1956). 

Since the sand blow crossed an area previously colonized by muttonbirds the 
eflect of vegetation degradation, aided by the rabbit, has been serious in relation 
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to the island population of birds. The eroded area initially covered 16 acres 
(0 07 km square), 20 per cent of the island’s total; if the whole island had been 
densely burrowed (a dense colony would have approximately four burrows per 
square yd) then over 300,000 burrows would have been destroyed during erosion. 
That the birds are unable to maintain burrows in pure sand was indicated by 
results of transects through three portions of rookery; both the number of burrows 
and the total remaining open were at a maximum in stabilized sand. Burrows in 
pure sand were fewer and more were collapsed. 

I suggested earlier (Norman 1967) that erosion of the central region of the 
island had followed the introduction of the rabbit and the clearing and burning 
of the vegetation, and that removal of the rabbit would enable a regrowth to take 
place across the area once occupied by the birds. Revegetation since the start of 
the programme has certainly stabilized the area to the extent that muttonbirds 
have invaded the area to nest. It is probable that further expansion of the rookery 
area will’ continue as the soil becomes increasingly stable and deeper. At present 
across the central ridge nesting is limited by lack of adequate soil depth. 



Acacia- dominated central region with 
coastal Poa poiformis . Muttonbird 
rookeries coastal. 


Poa dominant across 
“TTland. Rookeries 
increasing towards 
centre. 


Poa dominant, 
scrub species 
increasing in 
centre. 


rabbit, 

birds 


Localise^ erosion ^ 
within Poa. birds 


Seasonal regrowth 
with temporary 
invasion of annuals. 


rabbit 

Sand blow developed 
in Poa. Collapse 
of rookeries in 


a. 


birds 


blow. 



Sand blow vegetated with 
annuals and ephemerals, 
e.g. Senecio and 
P. annua . Rookeries 
Increasing. 


Senecio ^ Poa dominating 
blow with scrub 
species appear¬ 
ing. Rookeries 
increasing. 



Fig. ii—S chematic representation of changes in the island’s vegetation with respect to 
the sand blow region and to the distribution of muttonbird rookeries. 
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Conclusion 

During this part of the study, I have been examining the effects of rabbits on 
muttonbirds. It has not been possible to examine direct effects, in the nature of 
burrow utilization, conflict for burrows, etc. However, these problems are second¬ 
ary to the effect of the rabbit on the habitat in which the muttonbird burrows and 
breeds. Primarily the rabbits are considered to affect muttonbirds indirectly. Their 
selective feeding and scratching has added to the erosion which is normal, at a 
low level, within the rookeries. The equilibrium of destruction and regeneration 
present in the rookery habitat is displaced by this additional pressure to the extent 
that complete denudation of cover occurs. Decreasing soil stability in a region of 
exposed sand soil leads to widespread erosion. The end result at Rabbit Island 
was a division of a homogeneous rookery into two discrete parts, separated by 
a large eroded area. In destroying the vegetation the rabbits contributed largely to 
a situation where birds were unable to maintain nesting burrows in the sandy soil. 
Progressive decrease in the rabbit population has initiated a regeneration process 
which has reversed the degeneration of habitat to the extent that birds are re¬ 
colonizing old breeding areas. This could have arisen from a redistribution of 
birds using other rookery areas on the island or by an addition to the total 
breeding population. The latter seems more likely since muttonbirds generally do 
not change their nesting sites (Serventy 1967). 

A scheme summarizing suggested changes in the island’s vegetation and mutton- 
bird rookery distribution is given in Fig. 11. The cycle of vegetational degenera¬ 
tion and subsequent regeneration following the removal of rabbits is presented, 
together with the main factors considered to be operating at each stage. 
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Description of Plate 

Plate 23 

Top —View from fixed peg towards trigonometric point across previously denuded area 
August 1966. 

Bottom— Run-off stream in south-western corner of sand beach, 1966. Note that vegetation 
has not regenerated. 















■ 















• 



























• 





















■ 


























































PROC. ROY. SOC. VICT. 83 PLATE 23 















18 


Ordovician Graptolites from the Cliefden Caves Area, 
Mandurama, N.S.W., with a Re-appraisal of their 
Stratigraphic Significance 

By H. T. Moors 

Geology Department, University of Melbourne, Parkville, Victoria 3052 

Abstract 

Graptolites from an area approximately 18 miles NE. of Cowra, N.S.W., near the Cliefden 
Caves, were examined. Seventeen species and subspecies are described, of which Dicellograptus 
minutus, Climacograptus fusiformis and Orthograptus calcaratus clavensis are new. 

On the basis of this collection the age of the sediments in this area can be more precisely 
determined. The sediments are shown to be Eastonian (Upper Caradoc), and hence younger 
than previously determined by Sherrard (1954), who designated this as the type area for 
Nemagraptus pertenuis or Gisbornian (Lower Caradoc). 

Introduction 

The area studied is approximately that delineated by N. C. Stevens (1952, 
PI. 3) as the ‘Cliefden Caves District’, which is centred around the Cliefden Caves, 
approximately 18 miles NE. of Cowra, N.S.W. The Ordovician sequence here 
consists of at least eight thousand feet of intercalated marine sediments and igneous 
material (mainly effusive). 

From the investigations of the early workers (Trickett 1908, Booker 1950) 
it was assumed that the strata which comprise most of the area were of Silurian 
age. Stevens made a collection of graptolites with which Mrs K. Sherrard dated 
the beds as the lowest part of the Upper Ordovician (Stevens 1952). With the 
passage of time, this dating has become widely accepted. 

In conjunction with an examination of the prolific shelly fauna of the district, 
the author collected some graptolites to confirm the accepted age. A number of 
new forms were found, with a more restricted range than those identified by 
Sherrard, indicating that the age was younger than previously thought. The work 
herein is a slightly modified portion of a thesis submitted to the University of 
Sydney as partial requirement for the degree of Master of Science. 

Stratigraphy 

The Ordovician rocks of the area have been divided into four Formations, 
each typifying a certain environment and phase of deposition. These are the Walli 
Andesite (oldest), the Cliefden Caves Limestone, the Mallongulli Formation and 
the Angullong Tuff (Stevens 1952, Moors 1966). 

During most of the Ordovician the area was apparently on a submarine high, 
the Molong Geanticline, within the Lachlan Geosyncline. During the time of 
formation of the Walli Andesite this high seems to have been mostly submerged: 
little eroded material was available, and the stratigraphic sequence was built up 
by igneous activity, principally submarine flows. When igneous activity ceased 
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the water over the high was shallow enough to support a large and varied fauna 
(Moors 1966), and limestone began to be deposited (Cliefden Caves Limestone). 
Finally, emergence occurred and a terrigenous component mixed with the lime¬ 
stone to form the localized and very characteristic sediments of the Mallongulli 
Formation. Later, igneous activity was renewed in the area with more lava flows, 
until shallow water conditions were generally established. Large numbers of 
emergent areas supplied both erosive and eruptive material, conglomerates and 
tuffs, etc., which make up the Angullong Tuff. 

This relationship of lithology to environment (that is, position in relation to 
the submarine high) is stressed because workers to the east of this area have 
assessed differently the ages of these same Formations and their boundaries. Fig. 5 
of Smith 1966 (p. 256-257) shows how lithological boundaries (and hence forma¬ 
tion boundaries) can be time-transgressive, and demonstrates his conception of 
the relationship of the Cliefden Caves area with his adjoining eastern area. Smith 
has indubitable Darriwil graptolites in the Mallongulli Formation, and a complete 
absence of the Cliefden Caves Limestone immediately to the east. Some preliminary 
investigations by the present author also indicate that the Mallongulli Formation- 
Angullong Tuff boundary in Smith’s area is older than in the Cliefden Caves area. 
However, since this paper restricts itself to the immediate locality around Sherrard’s 
defined type area for the Zone of Nemagraptus pertenuis, the variation in forma¬ 
tion ages can be neglected here. 

The Mallongulli Formation provides almost all the graptolites described below. 
It is very rich throughout in graptolites, but in only a few localities is their state 
of preservation suitable for study (localities Co/I/137-139 and 131). Localities 
are designated by special University of Sydney numbers. These are equated to 
military grid numbers in Table 1. 


Table 1 

Table correlating Sydney University Geology Department locality numbers with grid 
references on the Canowindra 1" = mile Military Map 

S.U. Numbers Grid Reference 

Co/I/131 801-421 

Co/I/137 841-470 

Co/I/138 841-467 

Co/I/139 845-466 

Co/I/144 840-501 


The Age and Graptolites of the Mallongulli Formation 

When Sherrard (1954, p. 80) erected the Cliefden Caves area as the type area 
for the Zone of Nemagraptus pertenuis, she supported her assumption by a collec¬ 
tion of graptolites identified as: 

Isograptus (Didymograptus) caduceus var. tenuis (rare) 

Nemograptus explanatus pertenuis (common) 

Climacograptus cf. antiquus (rare) 

Dicellograptus cf. divaricatus 
Glyptograptus teretiusculus 
Retiograptus geinitzianus 
Thamnograptus sp. 

However, it will be noted that two of her identifications are tentative, only 
comparisons with forms, and examination of the other graptolites reveals mis- 
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identifications. Sherrard’s specimens of Isograptus and Nemagraptus (p. 259, 261) 
are here considered to be dicellograptids and her Retiograptus specimens (p. 278) 
to be Orthoretiolites. Sherrard’s glyptograptids were not examined, but specimens 
from her localities appear to be G. tenuissimus. Because of its long range the 
dendroid Tliamnograptus , in generic identification only, may be discounted as an 
age index in subdivisions of this small size. 

From a second locality at the base of the Mallongulli Formation (Co/I/139) 
and hence slightly older than the first locality, Sherrard again (p. 80) identified 
Thamnograptus (which may be again discounted), Dicellograptus cf. divaricatus, 
Climacograptus cf. antiquus and Glyptograptus teretiusculus which may probably 
be again equated to the same forms as at the first locality, as well as Dicranograptus 
ziczac var. minimus , which has a restricted Gisbornian age. The author has not 
found D. ziczac var. minimus at this locality, but only specimens identified as 
D. kirki, with an Upper Eastonian range, which could have been mistaken for 
it. As Sherrard did not describe D. ziczac in her paper, nor Climacograptus cf. 
antiquus , nor Dicellograptus cf. divaricatus , these correlations must remain 
speculative. 

At a third locality in the Mallongulli Formation, Sherrard again does not 
describe but merely lists the forms present (Adamson & Trueman 1962, p. 10). 
Here she has two forms of long range, Cryptograptus tricornis and Climacograptus 
scharenbergi plus the shorter ranged Dicellograptus angulatus, Gisbornian range. 
This is the range of D. angulatus assigned by its authors, Elies & Wood. How¬ 
ever, Ross & Berry (1964) give it a much higher range in the Basin Ranges of 
North America. 

Summarizing Sherrard’s identifications and excluding her Isograptus and Nema¬ 
graptus, we find that her assemblages could have a possible range of lower 
Gisbornian to mid-Eastonian (see Table 2a) and there is no definite criterion for 
restricting the assemblages to any of these three zones. 

Table 2b shows the position of the fauna as identified by the present author. 
From the spread of the ranges we can give the assemblage only an upper 
Eastonian age (Elies & Wood’s Zone 12, the Zone of Dicranograptus clingani, or 
Thomas’s Australian equivalent Zone of Dicranograptus hians). 

For purposes of geological dating the most critical parts of the fauna are 
Climacograptus tubuliferus, Dicranograptus cf. kirki and Diplograptus ingens wel- 
lingtonensis. The Climacograptus tubuliferus has been positively identified: a large 
number of individuals were collected in all stages of development and compared 
favourably with other Australian and British specimens. This is a very useful fossil, 
since it has been found to have a restricted range, entirely in the Zone of Dicrano¬ 
graptus clingani in Australia. Some doubt exists as to the exact identification of 
Dicranograptus kirki (see p. 262) but whatever form is chosen it would have very 
nearly the same range and would not alter the age of the strata. The identification 
of Diplograptus ingens wellingtonensis may also be questioned as only two poorly 
preserved specimens were found. However, after comparison of these specimens 
with type material in the Victorian Mines Department the author feels confident 
of the identifications. 

Apart from these independent species, we find that the total assemblage bears 
an Eastonian rather than a Gisbornian aspect. The large diplograptids of the 
Gisbornian arc absent; the glyptograptids arc represented by the one small form 
rather than the many larger forms allied to G. teretiusculus of the Gisbornian; the 
orthograpti do contain subspecies of O. calcaratus but they are smallish forms, and 
likewise O. truncatus is represented by small subspecies; and the Mesograptus 
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TABLE 2 

The ranges are extremes for the species compiled from Thomas, I960 
and Ross and Berry, 1963. 

(a) Sherrard's Identifications, 195*+* 62. 
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present is the small Diplograptus ingens wellingtonensis. The abundant Climaco- 
graptus bicornis of the Gisbornian is absent and instead we find larger numbers, 
both in species and individuals, of dicellograpti with complicated thecae, and 
abundant leptograpti, represented by narrow forms. The dicranograpti are also 
represented by a species, D. kirki, with complicated thecae. 

Thomas (1960, p. 12) states of the Gisbornian \ . . the assemblage in these 
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horizons is readily recognizable. Glyptograptus teretiusculus is still abundant, 
together with larger forms of orthograpti such as the varieties of O. calcaratus 
and varieties of O. truncatus and O. whitfieldi. Climacograpti have also become 
abundant and these are represented by forms allied to C. antiquus and C. bicornis.' 
With this he contrasts the Eastonian as ‘characterized by the large diplograpti’ 
(yet not so large as those of the Gisbornian), ‘including Diplograptus ingens, 
dicranograpti of the type of D. hians . . . and the leptograpti present are close to 
L. flaccidus. Thomas further states \ . . Typical of this zone are Dicellograptus 
morrisi, D. elegans, D. caduceus, Climacograptus candatus, C. tubuliferus, Ortho- 
graptus calcaratus, O. truncatus, Leptograptus flaccidus and L. eastonensis .’ Some 
of these are forms which have been identified from the area and many of the other 
forms of the area show equivalent degrees of evolution. 

Having assigned the fauna to the Zone of Dicranograptus hians , it is necessary 
to extend the known ranges of some of the forms present. Most of the extensions 
are small and often lie in the range of the form in one country but not in another. 
The zonal range tables of Ross & Berry (1963) are very helpful in equating the 
ranges of some graptolites in Britain, Australia and the Basin Ranges of western 
U.S.A., and give examples of some of the extensions of some forms from country 
to country. In the climacograptids we find that the range of C. tridentatus should 
be lowered a little into the next zone and this would not present problems. The 
identification of C. supernus is not regarded as definite; it is only stated that the 
form here described bears some relationship to C. supernus. Thus, though we 
expect it to have a similar range, it is not surprising to find that this form has a 
slightly earlier age. Orthoretiolites hand and Orthograptus whitfieldi likewise are 
only comparisons and it is not too difficult to extend their ranges by the small 
amounts necessary. It is not so easy to explain the large, full zone extension of the 
range of Orthograptus apiculatus. 


The Age and Graptolites of the Angullong Tuff 

Stevens (1952) gives two graptolite localities within this formation but could 
identify the forms present only as being of the diplograptid type. Adamson & 
Trueman (1962, p. 10) gave some specimens to Mrs Sherrard‘who identified 
them as Orthograptus vulgatus and stated that they belonged to a higher zone 
than her collection from the Mallongulli Formation. Unfortunately, Adamson & 
Trueman designated the locality as BP 5 in their paper and locate it on their map 
only as ‘Por. 13, Ph. Carlton’. This portion contains all the upper three Ordovician 
Formations, but it seems likely that the specimens did come from the Angullong 
Tuff. The author tried to relocate these localities but failed to do so. However, 
three other localities have been found (Co/I/144 to 146 inclusive) though these 
contained few individuals and few varieties. 

Locality Co/I/144 provided the largest collection and contains a new dicello- 
graptid, D. mi nut us, as well as the new variety Orthograptus calcaratus, other 
orthograptids of the truncatus group and species of Glyptograptus and Climaco¬ 
graptus. This assemblage is not particularly conclusive but does indicate a Bolindian 
age. The diccllograptid as a new species does not shed much light on the age but 
the orthograptids appear to have affinities to Upper Ordovician-Lower Silurian 
forms and the Glyptograptus has a long narrow shape with markedly alternating 
thecae suggestive of a Silurian species. 

From" the other localities only poorly preserved diplograptids were collected 
which, from their size, were probably related to the Orthograptus calcaratus group. 
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Systematic Descriptions 

Order Graptoloidea Lapworth 1875 
Family Leptograptidae Lapworth 1879 
Genus Leptograptus Lapworth 1873 

Leptograptus castonensis Keble & Harris 1925 
(Fig. la-d) 

Leptograptus eastonensis Keble & Harris 1925, p. 514-515; PI. 69, fig. la-d, text-fig. 147. 

Diagnosis: This is an unusually thin leptograptid, difTering from most in the 
proximal region where the initial angle of divergence of the first thecae is about 
130°. The thecae are simple, straight, elongate tubes only complicated by apertural 
spines in the first few thecae; they number 9-10 per cm in mature portions. 

Description: The rhabdosome is bilaterally symmetrical about the sicula with 
very slender stipes, commencing with a width of 0 3 mm and reaching 0 6 mm 
only in some of the more distal fragments. The first thecae grow downwards at 
an angle of divergence of 130 Q , but the stipes quickly become horizontal or even 
slightly reflexed and stay so for the rest of their length. The curvature of the stipes 
is mostly confined to the proximal region, most of the stipe being straight. Most 
of the specimens have short stipes but some fragments indicate lengths over 5 cm 
indicating that the shorter ones could be broken or immature individuals. The 
thecae are spaced at about 9 to 10 per cm for most of the stipe, but proximally 
a maximum of 11 per cm may be reached (throughout this paper the number of 
thecae per centimetre are calculated from the number in the longest available or 
suitable length of stipe, if the number cannot be counted for a full centimetre). 

The thecae are very simple, being long, narrow, straight tubes with the only 
modification a slight denticle in the early thecae. The first two thecae on each stipe 
may show a slight denticle and this may be carried on to the third or fourth, but 
it at all times remains inconspicuous. Proximally, the thecae are a little over 1 mm 
in length and have a width slightly less than 0 2 mm, giving a length-breadth ratio 
of five or six. Further away from the sicula the thecae become larger with a length 
of up to 15 mm but the width hardly increases (i.e. the length-breadth ratio 
increases). A slight change in the inclination and overlap of the thecae takes place, 
increasing the values distally. Though the changes arc small, the inclination being 
always about 10° and the overlap one quarter, they offset the increased length of 
thecae and the thecal count remains almost constant at 10 thecae per cm. 

The sicula is nearly cylindrical in shape and merges completely into the nema. 
It may have a width of up to 0 25 mm and a length of over 3 mm. The initial 
thecae and crossing canal are high, often exposing the bare sicula below them. 

Horizon and Localities: This species has been found only in the Mallon- 
gulli Formation at localities Co/I/137 and 139. This distribution is probably more 
apparent than real as the delicate stipes require fine preservation. 

Discussion: The narrow morphological ranges of components within the genus 
and the generally poor preservation have made identification difficult. As well, the 
long thin nature of the stipes caused many of them to be broken before burial, 
giving the appearance of a dwarf fauna. 

It is probably this form which had been misidentified as L. validus (Sherrard 
1954). It can be readily separated from L. validus by its more slender appearance 
and generally smaller size. 
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Keble & Harris (1925) first erected the species as a distinct form, but Thomas 
(1960) apparently had doubts about its individuality. Twice he refers to it as 
L. flocculus var. eastonensis , but once also as L. eastonensis . There is obviously 
some error here, but it appears that Thomas may have regarded the form 
eastonensis to be of subspecific importance only, preferring to place it in the 
species flaccid us. The long tapering sicula and tenuity of stipes shows the strong 
affinities to L. flocculus but, as pointed out by Keble & Harris, the proximal region 
is quite different in the angle of divergence, etc. I would rather agree with Keble & 
Harris that the form is distinctive enough to have specific standing. 

The Mt. Easton fauna collected by Keble & Harris, in the museum of the 
Victorian Department of Mines, appears to be identical to the Cliefden forms and 
showed almost exactly the same variations. 

Family Dicranograptidae Lapworth 1873 
Genus Dicellograptus Hopkinson 1871 

Dicellograptus elegans Carruthers 1868 
(Fig. 2d-g) 

Dicellograptus elegans Elies & Wood 1904, p. 159-160, fig. lOOa-c; PL 23, fig. 2a-e. 
Dicellograptus elegans Ruedemann 1947, p. 380-81; PI. 63, fig. 1. 

Isograptus caduceus var. tenuis Sherrard 1954, p. 94; PI. 10, fig. 5. 

Diagnosis: The overall shape of the rhabdosome with its short sub-parallel 
proximal and distal portions and diverging intermediate portion is very charac¬ 
teristic. Thecae elongated, introverted and introtorted, with spines, if present, 
restricted to early thecae. 

Description: The rhabdosome begins at an open, square axil. This openness 
is caused by the initial thecae growing at right angles to the sicula for most of 
their length, only turning upwards at their extremities. From this base the stipes 
extend for about 1 cm in a sub-parallel position before each branch takes a sharp 
turn outwards to decrease the angle of divergence. The stipes may then either 
gradually revert to their sub-parallel orientation or, after a short period of diver¬ 
gence, again sharply flex back to their original angle of divergence. 

The stipes commence with a width of about 0 4 mm and widen very slowly, 
reaching only a little over 0 5 mm distally. There are some more robust forms; 
these also show very little widening and may reach a maximum width of only 
0 8 mm. The stipes show a great deal of variation in length but this is probably 
due to breakage before burial, and a more reasonable length for a mature individual 
would be between 2 and 3 cm. The initial angle of divergence of the stipes is 
commonly 270° to 290°; however, because of their slender nature or the particular 
conditions of burial, the angle of divergence may vary considerably. This slender¬ 
ness also causes the stipe to be deformed, somewhat masking the characteristic 
shape. The more slender specimens appear to have fewer thecae per given length 
of stipe, having thecal counts of only 9 to 10 per cm as against 10 to 12 in the 
broader forms. In all cases the count increases somewhat towards the sicula. 

The initial thecae diverge at an angle slightly less than 180° and are quite 
straight, except for their very distal end where they bend sharply and have a 
prominent mesial spine. The second thecae begin parallel to the first, but once 
past the aperture of the first take a sharp turn upward to start the rest of the stipes 
in their final direction. The second thecae show definite sigmoidal curvature as 
do all subsequent thecae. Overlap is small and the aperture lies in a sharp, deep 
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excavation, approximately half the width of the stipe. The free ventral wall is 
straight for the greater part, but the distal third is curved as the thecal aperture 
is introtorted. At the point of sigmoidal curvature of the thecae a mesial spine 
may be given off; it is usually confined to the first two or three thecae and may 
reach a length of over 1 mm. The thecae have a length of from 1 0 to 1*2 mm 
and a width of 0 3 to 0 4 mm. The angle of inclination is always low at about 10°. 

The sicula in all cases appeared to be broken off: as the remaining fractions 
are quite stout it would probably be fairly long. The fragments remaining had a 
width of 0-25 to 0 35 mm. The aperture bears a short virgella. 

Material: The species was abundant but most of the specimens poorly pre¬ 
served in a leached rock. Some better specimens in fresh rock showing finer details 
were found. 

Horizon and Localities: The species is found at a number of localities but 
appears to be common only at the base of the Mallongulli Formation. 

Discussion: This is presumably the dicellograptid described from the area as 
D. cf. divaricatus (Sherrard 1954). However, it differs from this species in a 
number of points. The most significant difference is in the axil, which is wide and 
square in D. elegans but small and angular in D. divaricatus. The stipes also do 
not widen markedly as they do in D. divaricatus . 

With the variation in the width of stipes is a variation in the dimensions of 
the thecae; the longer they are the narrower they become, though the overall shapes 
are identical. Though in all cases the first thecae have prominent spines, only the 
broader forms appear to keep these for any length of stipe, the narrow forms 
having only two or occasionally three spinose thecae. 

From the synonomy it may be seen that the author disagrees with the identi¬ 
fication of Isograptus caduceus tenuis from the area, believing it to be in fact D. 
elegans. The specimen in question (Sherrard 1954, PI. 10, fig. 5) and Fig. 2, this 
paper, has been kindly lent by Mrs Sherrard. It came from the Malongulli Forma¬ 
tion at Licking Hole Creek (Grid Ref. SI8, 450) but a search of this locality failed 
to locate any more. 

Sherrard described the thecae of this specimen as ‘almost conical, 0 5 mm wide 
at aperture but 0 25 mm initially . . . aperture everted with a strong denticle’, 
which is a reasonable description of the thecae of the ‘left’ stipe, but an examina¬ 
tion of the ‘right’ one shows thecae with definite sigmoidal character. It is obvious 
that preservational deformation can only simplify the shape and a dicellograptid 
theca on a twisted stipe is here postulated to explain the strange profile. On the 
undeformed ‘right’ stipe Sherrard’s aperture can be seen as the curved free ventral 
wall of the theca, and her denticle as a mesial spine, the aperture being in fact 
simple, introtorted and introverted rather than ‘everted with a strong denticle’. 
The width of the aperture is not 0 5 mm on this interpretation but in fact much 
like the width of the base of the thecae, 0 2 mm. 

The most characteristic feature, and that which caused Carruthers to choose 
the specific name elegans , is the shape of the rhabdosome. Elies & Wood (1904, 
p. 159) describe it: ‘The stipes are thus at first straight, next concavely and 
ultimately convexly curved, though the degree of convexity varies in different 
individuals, but the proximal double curvature is eminently characteristic of the 
species.’ Some double curvature of the stipes is typical of all the specimens collected 
here. 
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Dicellograptus minutus sp. nov. 

(Fig. 2a-c) 

Types: Holotype 9646; paratypes 9647 and 9648. 

Diagnosis: This species is characterized by an extremely small size and pro¬ 
portionate slenderness. The largest specimen has stipes less than 7 5 mm in length 
with a maximum width of 0-25 mm. The thecal count is very high with 15 or 16 
thecae per cm. 

Description: The rhabdosome is extremely minute but of typical dicello- 
graptid form. The axil is square and open. The first thecae instead of diverging 
at an angle of 180° do so at a smaller angle making the sicula region distinctive. 
After this the axillary angle is always large, between 330° and 320°, and as the 
stipes themselves are straight this value does not vary away from the sicula. The 
branches are slender, ranging in width from only 0 2 mm to 0-25 mm, and appear 
almost parallel-sided for their whole length. The thecal count is very high, an 
extrapolated value giving 15 or 16 per cm distally and probably higher close to 
the sicula. The shape of the stipe is also characterized by relatively large spines 
on the first thecae of each stipe. 

The first thecae diverge at an angle somewhat less than 180°, are straight and 
apart from the spines, simple. The second theca grows parallel to the first till past 
its aperture where it bends nearly at right angles and the upward flexure of the 
stipe commences. All second thecae begin to show sigmoidal traits and all the 
following thecae arc characteristically only slightly sigmoidal, with the free ventral 
wall straight and parallel to the stipe and the aperture introtorted and hence also 
introverted. The overlap is usually small in the order of one quarter, and the 
inclination also small in the order of 10° to 15°. 

The sicula is always incomplete but would be simple. It has a slight apertural 
virgella. 

Material: Only three specimens were found, rather poorly preserved as 
flattened carbonaceous films in a fine, bedded tuff. 

Horizon and Localities: This species has been found only at one horizon 
in the Angullong Tuff (Co/I/144) approximately 2,000 ft above its base, which 
would probably give it a Bolindian age. The occurrence appears to be restricted 
but this could be due to the unfossiliferous nature of the Angullong Tuff about 
this horizon. 

Discussion : The most distinctive feature of D. minimus is its small size, and 
this serves to distinguish it easily from other dicellograptids. The axil is also re¬ 
markable in that the first thecae separate at an angle less than 180° and the second 
thecae have to bend more than usual to counter this and give the final angle of 
divergence. They are bent through nearly 90°. 

The thecae being slightly introtorted and introverted would place the species 
into Elies & Wood’s group II or III. 

Dicellograptus cf. D. caduceus Lapworth 

In 1954, Sherrard identified Nemagraptus explanatus pertenuis from the area. 
Examination of her specimens (1954, PI. 10, fig. 2) indicates that they are in 
fact fragments of a dicellograptid of which genus D. caduceus, because of the 
curved nature of its stipes, appears to be the most likely. 

The specimens are rather poorly preserved with very few thecae separable from 
the general compressed common canal and thecae. Where well displayed the thecae 
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show pronounced sigmoidal curvature typical of the dicellograptids rather than the 
more gentle curvature one would expect from a member of the Leptograptidae. 

Sherrard (op. cit.) describes the form as ‘Rhabdosome incomplete. Very 
slender, gracefully curved stipes, dorsally flexed describing almost semicircles . . . 
Angle of divergence 60°, square axil . . . Thin branches about 1 cm long rarely 
project from a theca.’ My present observations differ somewhat from this descrip¬ 
tion, and, though I agree that the stipes are usually dorsally flexed almost into 
semicircles, I disagree with the rest of Sherrard’s points. I can find no siculate 
end nor any definite cladia. In my opinion these specimens are simply badly 
mutilated fragments of a long curved branch of a dicellograptid of which the 
sigmoidally curved D. caduceus seems to be the closest approximation. 

If we assume a stipe of constant curvature twisted through 180° we end with 
a form very similar to Sherrard’s figured specimen. Furthermore, at the point of 
twisting we might expect to find a slight kink which had apparently been interpreted 
as a sicula, though it could never reach the dimensions of the large sicula of N. 
explanatus per tenuis. Again, examination of the stipes failed to reveal any branches 
and the cladia thought to be present are either further breakages of the stipe (for 
branches at the tip) or fortuitous superimpositions (for branches along the stipe). 
Lastly the stipe is not as narrow as previously described and most specimens can 
be seen to taper consistently from the extremity of what would be one stipe to 
the extremity of what would be the other, rather than to expand equally away from 
the point of inflection (the sicula). The width may be as low as 0 4 mm but most 
have a width of twice this at about 0-8 mm. 

Horizon and Localities: The specimens were only found at one locality in 
the Mallongulli Formation (Grid Ref. 818, 450). 

Genus Dicranograptus Hall 1865 
Dicranograptus cf. D. kirki Ruedemann 1947 
(Fig. le-g) 

Dicranograptus cf. kirki Harris & Thomas 1955, p. 10, figs. 19, 20 & 21. 

Diagnosis: The extremely short biserial portion with only three thecae, the 
‘D. clingani type’ thecae, and the early curving uniserial stipes help to separate 
this form. 

Description: The rhabdosome has the typical Y shape, slightly modified into 
a tuning fork, and is typified by a very short biserial portion. This biserial portion 
is usually about 2 5 mm in length and has in all cases three thecae (often theca 
4 1 may start before the bifurcation). The biserial portion is essentially parallel- 
sided with a width of 0 9 mm, but some of the specimens show a slight fusiform 
tendency. At the point of bifurcation the uniserial branches diverge with an axillary 
angle around 50° or 60° which they fairly well maintain, giving the normal Y 
shape, or when the angle decreases till they become nearly parallel, a tuning fork 
shape. The smaller forms are more usually of the Y shape but this may be merely 
that the change of curvature has been delayed and not yet reached. The uniserial 
stipes are virtually parallel-sided with a width surprisingly large compared to the 
biserial portion: 0 7 mm compared to 0 9 mm. They may reach a length of 2 cm 
but 5 mm is a more common maximum. 

The thecae probably vary substantially in different parts of the rhabdosome, 
but are in all cases simple for the genus, being of the D. clingani type. Some of 
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the thecae bear spines which may reach a length of over 1 mm. Specimen 9639 
shows spines on the biserial portion thecae, the spines being situated nearly half 
way along the free wall, and specimen 9638 shows a spine on a theca of the 
uniserial portion with the large spine closer to the point of inflection of the theca. 
The thecae where visible have the free wall subequal in length to the covered 
wall. The aperture is simple, normal to the stipe and situated in a deep sharp 
excavation. Thecae measure about TO mm in length and 0 3 mm in breadth and 
number 14 to 15 per cm in the biserial portion and less (about 12 per cm) in 
the uniserial portion. 

The sicula is never well seen, being almost entirely buried by the first two 
thecae, but its strong, prominent virgella may usually be seen. 

Material: Some 25 specimens have been collected but most are poorly pre¬ 
served as thin carbonaceous films in either fresh or leached rock. 

Horizon and Localities: This form has been found at only the one locality 
(Co/I/139) at the base of the Mallongulli Formation. 

Discussion: Owing to the poor preservation of the finer details, more emphasis 
has been placed on overall morphological details; even so the number of possible 
species remains large. However, as all the species in the group are obviously close 
relations, their ranges arc also very similar (Ross & Berry" 1963, Table 2, Sheet 1) 
As pointed out by Harris & Thomas (1955, p. 10) ‘the dicranograpti’from this 
region (are) characterized by a short parallel-sided spinose biscrial portion. The 
Wellington River forms in this group— Dicranograptus hians, D. teali and D. cf. 
kirki —are probably Victorian equivalents of D. clingani . . . The Victorian forms 
seem to occur on about the same horizon as D. clingani does in Britain.’ 

It is very hard to separate D. kirki and D. teali as the major difference lies in 
the curvature of the uniserial stipes while the range of other properties in both 
overlap to a considerable extent. Very few of the specimens were of great length 
so most could be the early stages of either D. kirki or D. teali. In only one speci¬ 
men (Fig. If) did the uniserial stipes cross, and this specimen showed obvious 
torsion. However, a comparison of this material and the material in the Geological 
Museum, Melbourne, collected by Harris & Thomas, who are the authors of D. 
teali, would seem to place the species as specimens identified by them as D. cf. 
kirki. 

These specimens differ somewhat from D. kirki as described by Ruedemann, 
firstly in that the number of thecae per cm is much higher. Ruedemann (1947) 
gives the count as 8 to 10 per cm while Ross & Berry (1963) quote 8 to 9. 
Neither author differentiates between the biserial and uniserial stipes, which may 
or may not be taken to indicate that they arc equal. In the species here described 
there is a difference, the biserial portion having 14 to 15 per cm on extrapolation, 
far more than the American D. kirki, but the uniserial portions have only 10 to 
12, a little closer to the American values. D. kirki and D, teali from America 
appear to have fewer thecae per cm than Australian specimens (Ross & Berrv 
1963). 

Another difference lies in the biserial portion which in the American species 
may have from 3 to 5 thecae in it and have a proportionately greater length. At 
the Wellington River and at Cliefden there are apparently a fixed number, three. 

It is probably this species which was previously identified from the area as 
D. ziczac (Sherrard 1954). 

K 
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Family Diplograptidae Lapworth 1873 
Subfamily Climacograptinae Freeh 1897 
Genus Climacograptus Hall 1865 
Climacograptus tridentatus Lapworth 1876 
(Fig. 4a) 

Climacograptus bicornis var. tridentatus Lapworth 1876, PI. 2, fig. 52. 

Climacograptus bicornis var. tridentatus Lapworth 1877, PI. 6, fig. 38c. 

Climacograptus bicornis var. tridentatus Elies & Wood 1906, p. 195; PI. 26, figs. 9b, c. 
Climacograptus tridentatus var. maximus Decker 1935, p. 707, figs. Is, t. 

Climacograptus tridentatus var. maximus Ruedemann 1947, p. 439; PI. 75, fig. 17-26. 
Climograptus cf. C. tridentatus var. maximum Ross & Berry 1963, p. 131; PI. 9, figs. 9, 21. 

Diagnosis: The rhabdosome is very large and robust for the genus and the 
proximal end is characterized by the presence of three or more large and robust 
spines of subequal length. One of these is a great enlargement of the sicular spine 
and lies parallel to the axis of the rhabdosome, and the other two or more extend 
almost at right angles to it, though sometimes they may droop conspicuously. 

Description: Only the proximal fragment of a rhabdosome 15 mm in length, 
excluding spine, was found. The rhabdosome widens fairly evenly and the sides 
are almost straight; the minimum width is 12 mm and the maximum 1*9 mm. 
The most distinctive feature of the rhabdosome is the proximal end which is 
decorated by three prominent spines. One spine is directed along the axis of the 
rhabdosome with a maximum width of 1 mm and an incompleted length of 7 mm. 
The two lateral spines are slightly slimmer with widths of 0 6 mm and lengths 
probably proportionately smaller (incomplete lengths 3 5 mm and 4 5 mm). They 
are fairly rigid but have slight tendency to droop distally. The thecae number 9 to 
9± per cm in mature portions of the rhabdosome. 

The thecae are poorly seen as the specimen has been flattened in a sub- 
scalariform position so that only one series can be seen, and that with the thecal 
apertures nearly full on. They are probably fairly simple climacograptid thecae 
as no marked modification could be seen. 

There is no sign of a sicula owing to the large amount of membrane surround¬ 
ing the junction of the spines. 

Material: Only one incomplete specimen was found as- a shallow impression 
in fine, shaly Mallongulli Formation. 

Horizon and Localities: The only specimen found came from locality 
Co/I/131, near the top of the Mallongulli Formation. 

Discussion: A former variety of C. bicornis , C. tridentatus has been elevated 
to specific rank as the distinctiveness of the form became apparent and the vast 
variation within it known. This very large variety has thecae typical of C. bicornis 
which typify Lapworth’s variety tridentatus. As this proximal three-spined type of 
bicornis remained so constant through several formations tridentatus is raised to 
the position of a species, and the new varietal name of maximus is added to this 
greatly enlarged form’ (Decker 1935, p. 707). The author agrees with Decker 
on the individuality of C. tridentatus but, as may be seen from the synonomy, 
feels that the varietal name maximus should be dropped as the figures of Lapworth 
show his forms to be as large as Decker’s. 

Ross & Berry (1963) have stated that they feel that C. tridentatus maximus 
(or more correctly C. tridentatus) ‘may be included as a . . . end member’ of 
C. hastatus. However, this author does not subscribe to this interpretation of the 


ORDOVICIAN GRAPTOLITES, CLIEFDEN CAVES, N.S.W. 


265 


two species but prefers to argue along the lines set out by Harris & Thomas (1955) 
that the relative proportions or the spines distinguishes them from each other, a 
criterion also adopted by Berry in a later paper (Berry 1966, p. 163). Harris & 
Thomas point out that there may be more than three spines in both species but 
in all cases the virgellar projection is the most prominent feature in C. hastatus 
while the lateral spines are almost equal to it in C. tridentatus. This simple criterion 
appears to be the safest measure in sorting out the large number of subspecies 
appearing in both species, as there is now large overlap. The specimen here 
described was incomplete and consequently the identification is not conclusive. 
The three proximal spines present appear to be subequal in length, unless the 
sicular spine is of extreme length, and so the form would probably better fit in 
the C. tridentatus group and, as the size is probably equal to that of Lapworth’s 
type, it could be placed as C. tridentatus. 

Climacograptus bicomis (Hall) 1847 
(Figs. 3d, 3) 

Climacograptus bicornis Elies & Wood 1906, p. 193-195; PI. 26, fig. 8a-f. 

Climacograptus bicornis Sherrard & Keble 1937, p. 307, text-fig. 1. 

Climacograptus bicornis Ruedemann 1947, p. 424; PI. 72, fig. 44-52. 

Climacograptus bicornis Sherrard 1949, p. 67, text-figs. 10a, b. 

Description: The rhabdosome is small for the species, attaining a maximum 
of only 2 cm. The initial width (thecae l 2 and 2 2 ) is 0-7 mm and the rhabdosome 
widens steadily to 1 8 mm after about 1 cm, after which it is almost parallel-sided 
to the end. A median septum can be discontinuously seen within the rhabdosome 
and in one specimen (immature? only 12 mm in length) a short, slender virgula 
extends for a few millimetres past the distal extremity. The thecae number close 
to 10 per cm in distal portions but this value rises substantially proximally where 
the thecae become markedly smaller. The rhabdosome is typified by having two 
large spines at its base. The spines diverge at an angle around 100° though they 
tend to droop somewhat, distally, giving them a curved shape. The largest spines 
have a length of 1 8 mm and taper gradually from a very small initial width 
(0 1 mm) to their ends. 

Because of the half profile and sub-scalariform orientation of the rhabdosome 
most of the thecae appear distorted and their shapes hard to determine. Where 
well seen they are typical, simple, climacograptid thecae which overlap by approxi¬ 
mately 1/3 and whose apertures lie in an open excavation with depth about I the 
width of the rhabdosome. Distally the thecae appear to have a length of 15 mm. 
Early thecae tend to have deeper apertures and are markedly smaller than those 
in the later rhabdosome. 

No sicula could be seen because of the adaptation of the proximal end, and if 
a virgella is present it must be also covered. 

Material: Only three specimens were found in a friable badly leached rock. 

Horizon and Localities: All the specimens came from locality Co/I/139 
at the base of the Mallongulli Formation. 

Discussion: This very variable species has such a wide range in the dimen¬ 
sions of its morphological features (Ruedemann 1947, p. 425) that much dis¬ 
cussion here is out of place. However, the specimens here described do appear to 
fit well into Elies & Wood’s (1906) more restricted definition and seem similar 
to the English forms. 
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The species is uncommon. Only 3 specimens were found, and the only prior 
reference to its presence in this area is in an unpublished report (Opik 1952). 

Climacograptus cf. C. supernus Elies & Wood 1906 
(Fig. 3f) 

Diagnosis: A small climacograptid with the proximal end decorated by two 
curved, slender spines, one originating from the sicula, the other from the point 
of inflection of theca l 1 . The thecae are also small and although they overlap 
slightly the thecal count is high. The excavation is short and shallow, never 
occupying more than one quarter of the width of the rhabdosome. 

Description: The rhabdosome is small, the only specimen found measuring 
7 5 mm in length. From a proximal width of 0 8 mm the rhabdosome widens 
steadily to I T mm as a maximum for this fragment, leaving the sides of the 
rhabdosome almost straight. The most distinctive feature of the rhabdosome is the 
proximal end which is decorated by two slender, curved spines. These spines reach 
a length of 18 mm but have a width of only 0T5 mm. They diverge initially at 
an angle of approximately 120°, evenly divided by the axis of the rhabdosome, 
but curve in a drooping manner to reduce this angle. A virgula or median septum 
may be seen to run through the full length of the rhabdosome. 

The thecae are very badly preserved but appear to be of ordinary climacograptid 
type, though no further details could be discerned and no thecal count made. No 
sicula could be seen owing to the enveloping nature of the initial thecae, but the 
long virgella could be seen and a suggestion of its inclined position. 

Material: Only one specimen poorly preserved in a very leached rock was 
collected and permeating solutions appear to have largely obliterated any sharp 
boundaries. 

Horizon and Localities: The only specimen came from locality Co/I/131 
near the top of the Mallongulli Formation. 

Discussion: The bad preservation of the specimen made the identification 
uncertain, but the distinctive proximal end and small size limit the choice to two 
species, C. supernus and C. diplacanthus. These two forms are very similar and 
may one day be brought together into one species. 

Both these species are of small size and have the proximal end decorated by 
two slender, drooping spines. Bulman states (1933) that one of the spines of 
C. diplacanthus comes off theca 1\ which agrees with C. supernus of Elies & 
Wood, but states the other spine of C. diplacanthus comes off the sicula and is 
in fact the virgella. Elies & Wood claim that the second spine of C. supernus 
comes off theca 2\ but this could easily have been a mistake as they recognize 
the oblique orientation of the sicula. An examination of their figures is not con¬ 
clusive but would tend to support this theory. 

The larger dimensions of the initial width of the polypary in this specimen 
could be explained along the lines of Elies & Wood, in that the sicula had been 
pushed through the rhabdosome, adding its bulk, or part thereof, to that of the 
rhabdosome proper. The difference in the depths of excavation between these 
specimens, those of Elies & Wood and of Bulman could be explained by the fact 
that Bulman’s C. diplacanthus was preserved in three dimensions whereas the others 
were flattened. This also explains the somewhat narrower widths of Bulman’s 
specimens. 

The possibility of this specimen being a juvenile CL bicornis also exists. Though 
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not well shown in Fig. 3f, when the actual specimens are compared this specimen 
is much more slender and slight than the Cl. bicornis specimens. Though the 
width at Thl 1 is similar, this is due to the widening effect of the impressed sicula, 
and just above the sicula the specimen is much narrower than Cl. bicornis. The 
spines are also too slender to be confused with examples of Cl. bicornis from the 
same locality. 

Climacograptus fusiforniis sp. nov. 

(Fig. 3g-i) 

Diagnosis: A medium-sized climacograptid typified by a fusiform shape; that 
is, widening gently in a non-linear fashion, convex outwards, from a round proximal 
end. Thecae climacograptid with a deep, narrow, almost subrectangular excava¬ 
tion and markedly alternate position, number approximately 10 per cm. Sicula not 
obvious but possessing a short, stout virgella. A virgula or medium septum may 
be seen within the rhabdosome and a virgula may often be seen extending past 
the distal end, especially in the smaller (immature ?) forms. 

Description: The rhabdosome may reach a considerable length (close to 
3 cm) but is more commonly smaller with a length around li cm. The proportions 
of both the larger and smaller forms are, however, approximately the same and 
all are characterized by a fusiform shape. As a rule the rhabdosome widens fairly 
constantly for the first third of its length when the maximum width is reached 
(21 mm for the larger, 16 mm for the smaller). From here to about the last fifth 
it is virtually parallel-sided but then it begins to taper again, though not as markedly 
as the initial widening. The proximal end is well rounded by the shape of the 
initial thecae, but the distal end is more a rounded rectangular shape. A possible 
median septum can be discerned in some specimens but apparently is incomplete, 
there being no sign of it in the proximal third of the rhabdosome. The virgula 
passes through the rhabdosome and extends past the distal end for up to 5 mm; 
it is always thin. Thecae number 10 per cm in mature portions but may number 
12 or more towards the sicula. The thecae are usually observed in a slightly sub- 
scalariform view but can be seen to belong to Elies & Wood’s group II. The free 
ventral edge is quite straight and nearly parallel to the axis of the rhabdosome 
and the aperture is somewhat introverted. The excavation is sharp with the angle 
of gcniculation 90°, and is almost completely filled by the previous theca, leaving 
intermediate deep, narrow rectangular slots. The excavation is a little more than 
one fifth the width of the rhabdosome. Other dimensions of the thecae could not 
be measured because of orientation. 

The sicula is almost entirely masked by the initial thecae which grow right 
down to its aperture, but its position is always marked by a stout virgella some¬ 
times over 2 mm in length though more often under 1 mm. The virgella is sigmoidal 
as the sicula is slightly curved and the virgella neutralizes this by curving in the 
opposite direction. 

Material: The species is often prolific on certain bedding planes and a large 
number of individuals have been collected. The large individual on specimen 
9664 is selected as the holotype. The preservation varies from a carbonaceous 
film in fresh rock to low impressions in leached material. 

Horizon and Localities: The species was only found at the one locality at 
the base of the Mallongulli Formation (Co/I/139). 

Discussion: This is probably the form which had previously been identified as 
C. antiquus and C. antiquus var. linearis (Sherrard 1954, Stevens 1954, respec- 
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tively) as it does bear some resemblance to this species. However, the proximal 
end lacks the development of the membranes of Cl. antiquus and its subspecies, 
and also the virgula is less prominent, being both thinner and shorter than that 
of Cl. antiquus and its subspecies. The overall shape is also different in the mature 
rhabdosome, not tapering distally as in CL antiquus but ending in an angular 
rather than rounded manner. An Australian form of C. antiquus has been separated 
by Harris as C. riddellensis (Harris 1924) but both these species differ from C. 
fusiformis in having different apertural excavations and the two initial thecae 
modified by short spines. 

It also bears a strong resemblance to C. affinus which T. S. Hall described 
from Mandurama (T. S. Hall 1900, p. 16, PI. 6, fig. 1) but differs from it in a 
number of points and apparently came from a different horizon (associated with 
Agnostus). Hall’s description is apparently of one specimen only and very limited. 
The two species differ in overall shape, C. affinus expanding more rapidly and 
having a larger portion parallel-sided. The thecae also number more in C. affinus, 
12 in 1 cm (misprint?) and seem to lie in deeper excavations than those of C. 
fusiformis. Lastly, Hall appeared to think that a long, straight virgella (3 mm) 
was typical of the species, while in C. fusiformis, though sometimes large, it is 
usually not as conspicuous and tends to be somewhat sigmoidal. 

Climacograptus modestus as figured by Ruedcmann (1947, PI. 73, fig. 36) 
resembles C. fusiformis closely but his type for the species bears spines on the 
initial thecae and is probably conspecific with C. antiquus. In his description 
Ruedcmann makes no mention of spineless forms, though he has bracketed some 
in his figures, so we must take his spined type as the forma typica. 

Climacograptus tubuliferus Lapworth 1876 
(Fig. 3a-c) 

Climacograptus tubuliferus Lapworth 1876, PI. 2, fig. 49. 

Climacograptus tubuliferus T. S. Hall 1902, p. 6; PI. 13, fig. 5; ? PI. 14, fig. 4. 
Climacograptus tubuliferus Elies & Wood 1906, p. 203; PI. 27, fig. 8, text-fig. 134. 
Climacograptus tubuliferus Sherrard & Keble 1937, p. 307. text-fig. 2; PI. 15, fig. 3. 
Climacograptus tubuliferus Ruedemann 1947, p. 440; PI. 75, fig. 54-56. 

Climacograptus tubuliferus Sherrard 1949, p. 71, text-fig. 13. 

Climacograptus tubuliferus Harris & Thomas 1955, p. 8, fig. 10-12. 

Climacograptus tubuliferus Ross & Berry 1963, p. 132; PI. 10, figs. 1, 2. 

Diagnosis: As the specific name suggests the graptolite is typified by having 
a hollow tube running along its full length, encasing the virgula while within and 
without the rhabdosome, and the virgella at the proximal end. The rhabdosome 
widens gradually for about liem in a linear manner after which it is parallel¬ 
sided to its distal end. The thecae are almost of amplexograptid pattern with a 
very sharp geniculation, and number about 10 per cm in mature portions. 

Description: The rhabdosome is variable in size, the largest reaching a length 
of 23 mm excluding virgella and virgula, but a more common length is 15 mm. 
The rhabdosome commences from a narrow, rounded proximal end 0 8 mm in 
width, and expands evenly for about 1 *5 cm to a width of a little over 2 mm. The 
straight sides so formed are extremly characteristic of the species. After the maxi¬ 
mum is reached the rhabdosome is almost parallel-sided to its truncated distal end. 
Another distinctive feature of the species is the prominent virgula which can some¬ 
times be seen for a millimetre or so within the rhabdosome and always projects 
prominently past its distal extremity. The virgula ranges greatly in size but 
apparently a length of between three-quarters to the same as the length of rhabdo¬ 
some is characteristic. The virgula is usually surrounded by a tubular membrane 


ORDOVICIAN GRAPTOLITES, CLIEFDEN CAVES, N.S.W. 


269 


which when flattened may reach a width of 0 8 mm. It commences with a narrower 
portion and doubles in width distally, sometimes widening gradually and at other 
times suddenly. 

The thecae cannot be measured accurately, as in the flattened preservation 
they are seen only in outline, but they number 10 per cm in mature portions of 
the rhabdosome and up to 14 to 15 per cm towards the sicula. The geniculation 
is almost amplexograptid, the infragenicular wall is straight and inclined slightly 
outwards and the supragenicular is strongly concave. The excavation varies in 
depth from one third to one fifth the width of the rhabdosome with one quarter 
the usual value, and in this the aperture is straight and slightly introverted. 

The sicula is almost totally enclosed by the downward growth of the two initial 
thecae but its position is always marked by a long virgella. The virgella usually 
reaches one tenth the length of the rhabdosome and is itself slender though it may 
be covered in part by an extension of tubular membrane. This tube when flattened 
may reach a width of 0 3 mm and is commonly around 1 mm in length. It gives 
the virgella a characteristic appearance. 

Young Forms: In this area mature forms of this species are the exception. 
These immature specimens are identical with the early stages of mature ones except 
that they lack the tubular membrane in the axis. The proportions of the various 
components are the same in both mature and immature individuals with the virgula 
subequal to, and the virgella one tenth, the length of the rhabdosome. The tubular 
membrane apparently does not make an appearance until the rhabdosome reaches 
a length of about 10 mm when it begins to grow up the virgula. It is even later 
in appearance surrounding the virgella and both virgula and virgella can often be 
seen protruding past it. 

Horizon and Localities: This fossil is widespread in the lower parts of the 
Mallongulli Formation, occurring at many localities. 

Material: A large number of specimens were collected but all were flattened 
forms usually preserved merely as outlines. Though a few single specimens were 
found, the species appeared to be mostly gregarious and often occurred in such 
numbers that one obliterated the other. 

Discussion: It is surprising that such an abundant fossil was missed by the 
early workers of the area. The only identified graptolite in the past literature which 
bears any resemblance to it is C. antiquus, but the difference between these is so 
large that C. tubuliferus could not have been mistaken for this species. 

The species is made distinctive by the tubular membrane which surrounds the 
virgula and virgella of mature forms. This tube was apparently thin walled but 
had a relatively large diameter. Though primarily cylindrical or gently widening 
distally it sometimes dilated, usually towards the distal extremity but sometimes 
closer to the point of emergence from the rhabdosome, and contracted again 
distally. Only the most mature specimens (the longest) have their virgella almost 
covered by this membrane, it being more common to see it covering only the early 
portion. 

The species was only rarely found as single individuals, but mostly in large 
numbers fairly closely packed. This could be due to the fact that the species lived 
as synrhabdosomes which broke up upon ‘death’. No attached floats were found 
but clusters of specimens in almost parallel orientation were seen and could repre¬ 
sent synrhabdosomes just broken (specimen 9668). 

Another feature which could be related to a ‘colonial’ habit of life is the 
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frequency of immature forms. Some bedding planes are covered by numbers of 
specimens all at the same stage of growth with less and more mature specimens 
rare. This would of course be due to the collapse of the float, etc., causing the 
whole ‘colony’ to settle to the bottom. Harris & Thomas (1955) have also ex¬ 
perienced the same feature in Victoria. They write ‘the Wellington River collection 
includes examples which differ greatly in size. Characteristic large forms, and also 
a group in which maturity seems to be reached in a length of little over 1 cm.’ 
This size coincides with the common length in the Cliefden Caves district and it 
may be that when this size was reached, at least some of the synrhabdosomes 
(the most tightly packed?) became unstable and either broke up or sank. The 
presence of the very long virgula may also indicate that the specimens belonged 
to a synrhabdosomc. 


Subfamily Diplograptinae Freeh 1897 
Genus Diplograptus McCoy 1850 

Diagnosis: Thecae strongly sigmoidal with apertures in broad semicircular 
excavations (amplexograptid at proximal end) gradually becoming more gently 
sigmoid (glyptograptid) and almost straight distally; periderm attenuated and with 
apertural lists proximally, cross section ovoid or nearly rectangular.’ (Bulman 
1955.) 

Discussion: The above diagnosis, like most of the others before it, emphasizes 
the variation of thecal shape along the rhabdosome. The general opinion had been 
that the early thecae are sharply sigmoidal (climacograptid or amplexograptid) 
gradually grading into thecae without a distinct geniculation (glyptograptid to 
almost straight orthograptid) later. But also, as mentioned in the diagnosis above, 
the periderm is very thin and this may lead to strange deformations upon com¬ 
pression. 

The author agrees with Jaanusson & Skoglund (1963) that it is difficult to 
settle generic reference on many species and the species described below is one 
such. Jaanusson & Skoglund state: The type species of the genus Diplograptus 
pristis does not quite agree with this definition (Elies & Wood, Bulman (1955) ). 
In this species the proximal thecae have a poorly defined geniculum, and their 
shape is closest to the glyptograptid type, whereas the distal thecae assume the 
shape of the orthograptid type (Skoglund 1963). A gradual change in the shape 
of thecae in distal direction can be observed in many diplograptids, such as Ortho- 
graptus apiculatus (Bulman 1945, PI. 6, figs. 1, 2, 4, 8), Glyptograptus cf. 
teretiusculus (Jaanusson 1960, PI. 3, fig. 10), and Amplexograptus lepiotheca 
(Bulman 1945, PI. 4, fig. 15, PL 3, fig. 10), to give just one example from different 
genera. The degree of change does not seem to be much greater in Diplograptus 
pristis than in some species currently referred to Glyptograptus or Orthograptus. 
In flattened specimens the appearance of the proximal thecae is often climaco¬ 
graptid in D. pristis due to a deformation of these thecae by compression (Skog¬ 
lund 1963), and this throws some doubt on the correctness of the interpretation 
of thecal shape in several other species which are currently referred to Diplograptus 
and from which only strongly flattened material is known.’ 

Diplograptus ingens wcllingtonensis Harris & Thomas 1955 

(Figs. 5e, f) 

Diplograptus (Mesograptus) ingens T. S. Hall, var. wellingtonensis Harris & Thomas 1955 

p. 6, figs. 31, 32. 
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Diagnosis: From a very narrow proximal end, the rhabdosome widens for 
about two thirds of its length, after which it slowly narrows to the distal end. The 
nature of the proximal widening is characteristic as it results in the rhabdosome 
having a slightly concave outline. The thecae are always of glyptograptid pattern 
and even at the proximal end show no pronounced geniculation. 

Description: From a relatively narrow proximal end the rhabdosome rapidly 
broadens reaching four times its initial width at two thirds of its length (11 mm 
to 4 0 mm). From this maximum a slight tapering occurs to the distal end, which 
appears to be somewhat rounded. The rhabdosome may reach a length of 2i cm. 
Both specimens showed the virgula extending past the distal extremity for an 
unknown distance and its path, or that of the median septum, through the rhab¬ 
dosome. The thecae number 10 to 11 per cm in mature portions of the rhabdosome, 
and slightly higher proximally, though an accurate count here could not be made. 

The thecae, typical of the genus, vary along the rhabdosome but bad preserva¬ 
tion usually allows only the outline of the free ventral edge to be seen. Proximally 
the thecae have rather sigmoidal glyptograptid form without any marked angular 
geniculation. The glyptograptid shape gradually grades along the rhabdosome into 
a straighter, almost orthograptid, form though some sigmoidal character is still 
retained. The more mature thecae have a length of approximately 12 mm and a 
width of 0 5 mm. Each theca overlaps its predecessor by about one third and is 
inclined at an angle of approximately 40° to the axis of the rhabdosome. The 
aperture is slightly introverted and may be a little convex. 

The sicula cannot be seen since the initial two thecae cover it. A virgella may 
be seen on one of the specimens and appears to be of small size. 

Material: Only one slab with two badly preserved specimens was collected. 

Horizon and Localities: The slab came from Trilobite Hill (Co/I/139) 
at the base of the Mallongulli Formation. 

Discussion: The most distinctive feature of this subspecies is the lack of any 
sign of angular geniculation of the thecae on any part of the rhabdosome, there 
being no sign of any amplexograptid or climacograptid thecae. As outlined in the 
discussion of the genus, the author does not believe that this lack of gcniculated 
thecae debars this species from the genus Diplograptus. Harris & Thomas, when 
erecting the new subspecies, stated that they were only separating specimens 
designated by Hall (the author of the species) as belonging to the one species, so 
apparently Hall considered them to be diplograptids. 

A comparison of the Cliefden specimens with the figures of Harris & Thomas, 
as well as with the types in Melbourne, verify that the two forms are identical. 

Genus Orthograptus Lapworth 1873 
Orthograptus truncatus aff. pauperatus Elies & Wood 1907 

(Figs. 4b, c) 

Diagnosis: The rhabdosome has the typical ‘ truncatus ’ outline, but is charac¬ 
terized by being more slender. It may reach a length of 3 cm with a maximum 
width of only 2 8 mm. The thecae overlap each other by from one half to two 
thirds of their lengths and are inclined at 40° to the axis of the rhabdosome. They 
number 10 to 11 per cm in mature portions. 

Description: The rhabdosome is straight and commences with a width of 
1 0 to 12 mm excluding spines. It then widens gradually to a maximum of 2 3 
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to 2 6 mm at about half the length, after which it may proceed parallel-sided to 
the distal end, or more commonly begins to taper to a truncated end about half 
as wide again as the proximal end. The maximum length is 3 cm but the majority 
reach only 2 cm. There is no sign of a virgula protruding past the distal end. 

The thecae are simple straight tubes. They arc parallel-sided and as the aper¬ 
ture is normal, or nearly so, to their axes, it is very conspicuously everted. 
Occasionally the aperture may become horizontal, or normal to the axis of the 
rhabdosome, or may have a slight undulation. In mature sections of the rhabdosome 
the thecae have a length of 1*5 to T6 mm and a width of 0 5 to 0-6 mm. They 
overlap each other by half to two thirds their lengths, are inclined at about 40° 
to the axis of the rhabdosome and number 10 to II in 1 cm in mature portions 
of the stipe. Towards the proximal end the overlap and inclination remain fairly 
constant but the length, accompanied by an appropriate decrease in width, becomes 
less and they may number up to 15 in 1 cm. The two initial thecae are different 
in having mesial spines which may reach over 0 2mm in length but which are 
usually less conspicuous. 

The sicula was seen in one specimen and is a simple cone T3 mm in length, 
reaching to the aperture of theca 2 2 , and 0 3 mm in width. Its position is always 
marked by a virgella which may reach a length of 0-4 mm. 

Material: The preservation is generally poor as the walls of the rhabdosome 
were apparently thin and in the leached rock only very shallow impressions remain. 

Horizon and Localities: The species ranges almost throughout the Mallon- 
gulli Formation and so may be found at almost any of the localities where preserva¬ 
tion is good. All the specimens described here came from one locality in the 
Mallongulli Formation (Co/I/139). 

Discussion: This subspecies has the relatively narrow ' truncatus 9 shape typical 
of O. truncatus pauperatus, and may be an Australian equivalent. 

Firstly the length is somewhat less than the English form, the maximum size 
being only 3 cm, and the majority being much less than this. The size does vary 
considerably but the variation is gradual and no distinctive groups could be 
separated. The smaller specimens reach a maximum width of only 15 mm after 
a commencing width of 0 8 mm. 

As well, the maximum width is reached at a much later stage in the growth 
of the rhabdosome, at halfway rather than in the first 5 mm as stated by Elies & 
Wood. The thecae number fewer per centimetre (10 compared with 12 to 14) 
than the English subspecies and since the overlap and inclination arc approximately 
equal, they must be slightly longer. 

The only descriptions of this subspecies in Australia were done by Mrs K. 
Sherrard (1949, 1962). In 1962 she described a specimen with the rhabdosome 
the same length and initial and maximum widths, and with thecae of the same 
length, inclination, overlap and thecal count of 13 per 1 cm. 

Orthograptus calcaratus clavensis subsp. nov. 

(Fig. 4f-i) 

Diagnosis: The rhabdosome rapidly widens from a narrow (12 mm) proximal 
end, reaching the large width of 4 0 mm within 2 cm, after which it is virtually 
parallel-sided. The proximal end is characterized by a virgella 1*5 mm in length 
and two mesial spines up to 10 mm in length, one on each of the initial thecae. 
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The thecae number 10 to 11 in 1 cm in mature portions and overlap each other 
by one third, rarely more, and are inclined at 30° to the axis of the rhabdosome. 

Description: The rhabdosome is straight and from a proximal end 12 mm 
in width rapidly widens to 4 0 mm or less, depending on the stage of growth 
reached. The distal end is usually angular and the virgula may be seen to extend 
past for some distance. Sometimes either a median septum or the virgula may be 
seen to pass through the middle of the rhabdosome but it is impossible to dis¬ 
tinguish between them in this state of preservation. The specimens collected were 
as a rule incomplete but from the various pieces it can be deduced that mature 
individuals reached at least 5 cm in length. The thecae number from 10 to 11 
per cm in mature portions of the rhabdosome and rather more towards the sicula. 

The thecae range in length from 15 mm to just under 2 mm, and have a width 
of 0 55 mm for the shorter to 0 7 mm for the longer. They arc not straight tubes 
but show a slight, gentle sigmoidal curvature, forming a slight excavation for the 
preceding theca. The aperture is fairly straight but appears a little uneven towards 
the outer corner where it is drawn out into a small denticle. The thecae are in¬ 
clined at 30° to the rhabdosome but their apertures are normal to the axis of the 
rhabdosome. The first two thecae are ornamented, each with a spine up to 1 mm 
in length projecting from them. These spines are in a mesial rather than apertural 
position. Though they are stiff they have a slight tendency to droop. 

No sicula was seen but its presence is always indicated by a stiff virgella which 
may reach a length of 1*5 mm. 

Young Forms: Although no very young specimens were found, specimen 
9683 shows a number of immature individuals. These are made distinctive in that 
even in their short length (15 mm) they had attained a width nearly 3 mm. They 
show all proximal features already developed. 

Horizon and Localities: All the specimens came from the one locality, 
Co/I/144. This locality is in the Angullong Tuff, about 1500 ft or more above 
its base. 

Material: The preservation, as already noted, is not very suitable; the com¬ 
bination of semi-relief and only remnants of carbon make it difficult to work with. 
As well, the graptolites were frequently bent as the rock was contemporaneously 
deformed. A thecal shape was often only a partial outline until the preceding 
theca overlapped it, but occasionally a complete outline could be seen. 

Specimens 9683-9687 have been lodged at Sydney University and the speci¬ 
men figured as Fig. 4f from slab 9683 is designated as the holotype. 

Discussion: The species falls into the ' calcaratus ’ group of the orthograptids 
in having three large spines at the proximal end and in having slightly sigmoidal 
thecae with apertures horizontal rather than strongly everted as in the * truncates\ 

Within the ' calcaratus ’ group it is distinguished by a great breadth after a 
narrow proximal end. The maximum width of 4 mm is passed by some members 
of this group, e.g. O. calcaratus priscus, but these all start with an initially greater 
width of 2 mm or more. Orthograptus calcaratus clavensis also has the highest rate 
of expansion of the rhabdosome within the group. 

The thecae on the whole are much the same as for the others of the group in 
that they are slightly sigmoidally curved but appear to be inclined at a, slightly 
higher angle to the rhabdosome. They overlap by about one third, which is more 
like O. calcaratus but rather less than the other subspecies. 
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Orthograptus whitfieldi (Hall) 1859 
(Figs. 5i, j) 

Diplograptus whitfieldi Lapworth 1876, PI. 2, fig. 45. 

Diplograptus whitfieldi Lapworth 1877, p. 134; PI. 6, fig. 21. 

Diplograptus (Orthograptus) whitfieldi Elies & Wood 1907, p. 227, figs. 149a, b; PI. 28, fig. 

6a-d. 

Glossograptus whitfieldi Ruedemann 1947, p. 457-458; PI. 77, fig. 23-26. 

Diagnosis: Rhabdosome short, but extremely broad for its length. Proximal 
end narrow and rounded. Rhabdosome widening rapidly in a non-linear manner 
(convex outwards) to the truncated distal end, from which may extend a virgula 
of variable length. Thecae typically orthograptid but modified by long drooping 
apertural spines, slightly ascending in direction. 

Description: The rhabdosome is short, the longest only measuring 10 mm 
and most being less than this. The width, however, is relatively large for its length, 
the 10 mm specimen having a width of 3 1 mm exclusive of spines, a length- 
breadth ratio of nearly 3:1. The maximum width ranges down to 2 0 mm in the 
slightly smaller forms. The proximal end is rounded and in all cases has a width 
of nearly 12 mm. The number of thecae per cm range from 10 to 12i in mature 
portions of the rhabdosome. Proximally the number of thecae rises to about 14 
per cm. 

The thecae are of typical orthograptid pattern in that they are straight and 
nearly parallel-sided but are made distinctive by the presence of large apertural 
spines. The thecae range in length from 16 mm to 13 mm and in width from 
0*6 mm to 0*4 mm and are inclined to the axis of the rhabdosome at angles rang¬ 
ing from 30° to 45°, the latter value being infrequent. Each theca overlaps the 
following one by approximately one third. The spines grow upwards and outwards 
from dorsal part of the thecal lip, and may reach over 2 mm in length in the 
distal portions of some rhabdosomes, but 1 mm is a more usual length. Though 
reasonably stout the spines have a tendency to droop and after starting in an 
upward direction may end in a horizontal or even declined direction. 

The sicula is hidden by the initial few thecae. No virgella of any size was 
noticed. A virgula or median septum may be seen to run the length of the rhab¬ 
dosome and a short virgula may extend past the distal end. 

Horizon and Localities: This species was found only around Trilobite Hill 
(Co/I/137-139). 

Material: Only a few specimens were collected. Some are preserved as carbon 
films in fresh rock but most are merely iron stains with slight relief in badly leached 
material. 

Discussion: Some doubt exists as to the individualities of the two orthograptid 
species O. pageanus and O. whitfieldi and their varieties, and in time these two 
may prove to be conspecific. In fact Ross & Berry (1963) have placed O. whitfieldi 
in the species O. quadrimucronatus which it and O. pageanus resemble. The main 
criterion for separating the two in the past has been their size, larger specimens 
being assigned to O. pageanus and the smaller to O. whitfieldi. Unfortunately this 
is not a hard and fast rule as some of the subspecies of O. pageanus may be quite 
small (O. pageanus rnicrocanthus). The form here described is smaller than any 
spined orthograptid and so is placed in the smaller species whitfieldi , though with 
some reservation as it is much broader for its length than usual in this species. 

The main objection of Elies & Wood to this identification would be that the 
sicula does not have a long stiff virgella. However, this may not be of taxonomic 
importance, as J. Hall, the author of the species, describes it ‘Sicular extremity 
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furnished with a little conspicuous virgella’. The idea of a long virgella appears 
to have been introduced by Lapworth (1876, 1877). As well, all the other varieties 
of both O. whitfieldi and O. pageartus have a long virgula approximately equal to 
the length of the rhabdosome, while the form here described shows only a very 
small one in only one specimen. Most of the specimens collected had a sharply 
truncated end giving the appearance of having been broken, but this is not likely 
as most of the specimens are identical in this respect, and if present a virgula would 
would probably be short and/or slender. 

Orthograptus apiculatus (Elies & Wood) 1907 
(Figs. 4d, e) 

Diplograptus (Orthograptus) rugosus var. apiculatus Elies & Wood 1907, p. 245-6; PI. 30, 

fig. 7a-d. 

Orthograptus apiculatus Bulman 1945, p. 51-58; Pis. 5-6, fig. 1-7. 

Diplograptus (Orthograptus) apiculatus Sherrard 1949, p. 73, text-figs. 21a, b, c; PI. 2, fig. 72. 

Diagnosis: The rhabdosome is straight and ‘the length may be as much as 
4i cm and particularly where it is less than this there is usually visible a con¬ 
spicuous virgula’ (Bulman 1945). It commences from a rather broad proximal 
end and rapidly widens to its maximum width. The thecae are sigmoidal proximally 
but become progressively straighter distally: they number 9-10 per cm in mature 
segments of the rhabdosome. 

Description: The rhabdosome is straight and according to Bulman (1945) 
may reach a length of 4i cm: the largest fragment collected here had a length of 
3i cm but was obviously incomplete. The shape of the rhabdosome is very charac¬ 
teristic in that the proximal end is already wide and the maximum width from 
here is attained rapidly, after which it is virtually parallel-sided. The width at the 
first thecae (Th 1\ Th l 2 ) ranges from T3 mm to T5 mm and the maximum 
value ranges from 2 6 mm to 3 5 mm, the ones with the narrower proximal end 
tending to be slightly narrower throughout. A median septum may be seen where 
the preservation is good, and in 9691 what is apparently a broad virgula may be 
seen extending for some way past the distal end. The most proximal end is aseptate 
but the actual point of origin of the septum is not clearly shown. In the British 
specimens (Elies & Wood 1907, Bulman 1945) it arises from between the 5th 
and 7th thecal pairs. The thecae number from 9 to 10 per cm in the distal portions 
of the material measured but are apparently slightly more frequent in the very early 
portions. 

The thecae are particularly variable in this species and grade from a mild 
glyptograptid shape proximally to curved orthograptid distally. The first thecal 
pair grow alongside the sicula entirely covering it and are distinctive in having short 
mesially positioned spines. The following thecae are sigmoidal in form with the 
aperture of the preceding theca in a definite excavation. These thecae gradually 
lose this strong impression and the distal thecae, though still sigmoidal, tend to 
be only gently curved. The mature thecae have a length of around 2 mm with a 
range of 02 mm on either side. The width, however, is not as constant, the most 
common value being around 0*5 mm but ranging from 0 4 mm to 0 7 mm. The 
thecae overlap each other from half to two-thirds their length and have an average 
inclination of a little over 30° to the axis of the rhabdosome. 

The sicula is entirely imbedded in the proximal thecae and its length could 
not be measured. However, its aperture is ornamented by a virgella opposite two 
apertural spines of short nature, which enables the width to be measured at 
0 4 mm. The virgella points directly downwards but the other apertural spines are 
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deviated through a large angle. Only one apertural spine could be seen in the 
specimens collected, but this is probably due to bad preservation as Bulman shows 
this spine to be paired. 

Material: The preservation of the specimens was always rather unsatisfactory, 
being in semi-relief but with the carbonaceous material frequently flaked away. 
Where the carbonaceous film is absent only an external impression is seen without 
the median septum or junction of the thecae. 

Horizon and Localities: All the specimens came from the one locality, 
Co/I/137, at the base of the Mallongulli Formation. 

Discussion: The best and most detailed description of this species is that of 
Bulman (1945), where from large amounts of isolated, transparent material and 
serial sections, he was able to measure many features not otherwise measurable, 
note the range of variations and map out the ontogeny from the early growth 
stages. Bulman’s treatment is very complete and his work should be referred to 
as only a few points of further difference will be discussed here. 

Bulman states that overall the rhabdosome is variable in length and breadth, 
but although the lengths of the fragments here studied did not approach his 
maximum the width reached was somewhat wider than his maximum (as quoted 
for flattened material, 3 5 mm to Bulman’s 3 4mm). 

Elies & Wood (1907) state that the spines on the first thecal pair are entirely 
apertural and in fact grade into apertural denticles. Bulman places them in a 
slightly lower mesial position with a small distance to the apertural lip, while these 
specimens have them even further from the aperture. 

The variation of the thecal shape is summarized well by Bulman (1945, 
p. 57): ‘The appearance of the proximal end of the rhabdosome (to the fifth or 
sixth thecal pair—roughly corresponding to the aseptate portion of the rhabdo¬ 
some) may be almost glyptograptid (Plate 6, fig. 3) or even amplexograptid 
(PI. 6, fig. 6) according to the intensity of the sigmoidal curve of the thecae. In 
the more mature portion of the colony (e.g., around the tenth or twelfth thecal 
pair) the curvature of the ventral wall is much less and this general character it 
appears to retain to the distal extremity (e.g., Text-fig. 24a), where, too, the 
thecae are more rectangular in section.’ 

The thecae of the specimens described here appeared closer to Bulman’s speci¬ 
mens than Elies & Wood’s. Especially the change in thecal outline with rotation 
from profile to half-profile view is similar to Bulman’s. The full-profile views of 
Elies & Wood (Fig. 166a-e) are only rarely seen in short portions of the 
rhabdosomes. 

The sicula also has a number of variations (the virgella is shorter and more 
slender than both Elies & Wood (op. cit.) and Bulman (op. cit.) have figured); 
especially it never attains the proportions figured by Bulman as Fig. 29B. As 
well, on the specimens studied only one other apertural spine was noticed; this 
could have been real or apparent as the preservation was not good in this region. 
The spine is also somewhat more slender than Bulman’s and the second could 
have been hidden by the superimposition of the first. 

Genus Glyptograptus Lapworth 1873 
Glyptograptus cf. G. tenuissimus Ross & Berry 1963 
(Fig. 5a-d) 

Diagnosis: The rhabdosome is straight, over 2i cm in length and relatively 
narrow, usual maximum width 2 5 mm. It is somewhat fusiform in shape, taper- 
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ing for the proximal and distal thirds. Thecae short, stubby glyptograptid with 
small overlap, inclined at about 25° to the axis of the rhabdosome and number 
between 9 and 10 per cm in mature portions or slightly more proximally. First 
two thecae may carry short mesial spines. 

Description: The rhabdosome is straight and slender and when complete has 
a fusiform outline. A common length is between 3 and 31 cm though fragments 
have been found indicating a length substantially greater than this at times. The 
initial width varies between 0*7 mm and 0 9 mm but a width of 0 8 mm is more 
common. The rhabdosome gradually widens for about the first third of its length 
to a maximum of 2 5 mm though slimmer specimens 18 mm and broader speci¬ 
mens 3 0 mm have been found. After this point it is almost parallel-sided to the 
distal third during which it tapers, though less rapidly than through the initial 
third. The thecal count is between 9 and 10 per cm for mature portions of the 
rhabdosomes and up to 12 per cm in the proximal region. 

The thecae are relatively stubby, gently sigmoidally curved and have a small 
overlap. The length is about 2 mm but owing to the bad preservation no exact 
value could be measured. The width is approximately one third of the length at 
0 6 mm and overlap, where it can be established, appears to be about one third. 
The thecae are inclined at an angle of between 25° and 30°. The excavation is 
open and wide and takes up as much as one quarter of the width of the rhabdo¬ 
some. The aperture which has a slight tendency to introversion is almost straight, 
with only a few showing an undulation. The initial two thecae depart from this 
pattern in that their curvature tends to be rather angular and sometimes this point 
of geniculation carries a spine (sometimes on only one theca, sometimes on 
neither). 

The sicula was seen in only one specimen where it is curiously curved. It is 
a simple cone just over 1 mm in length and with a width of nearly 0 2 mm. It 
possesses, as a rule, a short stiff virgella. From the prosicula end a virgula can 
be seen to run the whole length of the rhabdosome and extend sometimes just 
past the distal end. 

Material: Large numbers of this species were collected but usually poorly 
preserved in leached rock. 

Horizon and Localities: The fossil is common through the whole thickness 
of the Mallongulli Formation. All the specimens here described came from the one 
locality, Co/I/139. 

Discussion: From the description it can be seen that there is a ‘mean’ type 
which is by far the most abundant and which is surrounded by less common, 
broader or thinner forms. The thinner forms have their thecae inclined at a lower 
angle than the abundant forms; the broader forms have thecae inclined at a slightly 
higher angle. This relative width of the rhabdosome, then, can be shown to be 
primarily a function of the angle of inclination of the thecae, but whether this 
inclination is primary or due to preservation cannot be established. 

It is difficult to ascribe this form to any given species as it differs in some ways 
from all those whose descriptions are available to me. However, most of these 
similar species have similar ranges, showing their close evolutionary affinities, and 
it is felt unnecessary to establish a new species, preferring to envisage it as an 
Australian equivalent. Consequently, it has been placed into Ross & Berry’s G. 
tenuissimus. It differs from G. tenuissimus in a number of points which are all a 
function of its being a coarser form. Because of its thicker components it is wider, 
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both initially and at a maximum, and the thecal count is slightly smaller than in 

A “ n sp , e f’ mc " s - T hc thecal excavati °n is not as deep as Ross & Berry 
state (1963, p. 142) but their Plate 11, fig. 6, would seem to indicate that they 
had overstated its depth Ross & Berry apparently had no proximal end to their 
specimen (PI. 11, fig. 6) and so the spines on the initial thecae of the Australian 
specimens could be present on theirs, although it has been shown that thev arc 
not necessarily present even in the Australian specimens. 

Sherrard (1954) has apparently identified this species as G. teretiusculus 
which is not particularly satisfactory since that species is a far larger and gener- 
^ rCnt J°^ Sherrar ^ s description (p. 98-99) is obviously a composite 
description which borrows heavily on specimens collected elsewhere than in this 
area as her measurements in no way agree with the material from here. Her figure 
°, f a J peci . men the area (1954, PI. 11, fig. 16) docs not shed much light on 

the situation as the typical preservation does not photograph well. b 

Family Retiolitidae Lapworth 1873 
Subfamily Archiretioutinae Bulman 1955 
Genus Orthoretiolites Whittington 1954 
cf. Orthoretiolites hami Whittington 1954 
(Figs. 5g, h) 

Retiograptus geinitzianus Sherrard 1954, p. 99, PI. 11, fig. 20. 

.Diagnosis: Only sicula and initial parts of thc first three thecae fthD this 

s fiss s&*s s&sr A S 

Description: The most complete specimens show thc rhabdosomc to be ex 
panding gradually from a rounded proximal end for thc first fiveTr so thecae" 
after which it is parallel-sided. The initial width is i nn,™ /„!■!: „ 1 lccae ’ 

of the first two thecae) and the maximum reached is 16 mm bot^values^xclucj 6 
mg apertural spines. The largest specimen studied had a length of Ifmm ex" 
eluding protruding virgula. The number of thecae per cm varfi between m and 
12 in mature portions but towards the proximal extremity may rise to 15 

The cross section of the thecae cannot be seen from the specimens owing to 
the compression of burial, but the pattern of lists would suggest that thev maS 

°, V ,f ali th , e Shapc of the thecae carT^favourably^com- 
pared with thc orthograpt.dae and on a finer scale most of the lists de cribed bv 
Whittington can be identified. The mature thecae reaeh a i„„„.u , ^ D y 

of 0 5 T , but decrease progreSvel lo' Si 

I he angle of inclination of the thecae is constant along the stipe at about 35 
The most distinctive feature of the thecae is their large, single apertural spine (ihe 
aperture is everted and this would compare with thr* nnprtnrai inn*' i c 

hf the'orti tid r h f ca V J hc , sp | ’ n , e is usual| y stout, being of an equivalent^hickness 
f? hc , u’f/ fe ts . of the rhabdos °me and may reach a length of just over 1 mm 
though half this is more common. The spines arc also stiff in appearance but Ts 
a rule show some degree of downward curvature 1 p ranee Dut as 

, The T A Cula is lar 8 e ’. 2 excluding virgella, and of gently curved conical 
shape. I has a stout virgella and in specimen MF/27 (Sherrard number) mav 
have paired apertural spines. The sicula is never well jSSSedandthough 
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appearing entirely chitinized, the chitin must have been very thin. The virgula 
can be seen to run the lull length of the rhabdosome but is thin and not visible 
for its entirety. Jt is also sometimes parted from its supporting lists and tends to 
sag and become flexed. 

Material: Owing to the absence of periderm the form is difficult to detect 
and this may account for the small numbers found. Only a few fragmentary speci¬ 
mens arc in the collection of Mrs K. Sherrard who very kindly lent them to me. 

Horizon and Localities: The specimens collected by the author came from 
locality Co/I/139, in the basal portion of the Mallongulli Formation, but the 
specimens of Mrs Sherrard came from a locality probably higher than this. Both 
horizons are probably of the same age. 

Discussion: Unfortunately not much work has been done on Ordovician 
retiolitidae and the work that has been done has been done on well-preserved 
isolated specimens. The criteria which have been used also require good 
preservation of the most proximal region. The specimens available for study have 
unfortunately been unsatisfactory to some degree in this respect, and the identifi¬ 
cation is tentative. 

As can be seen from the synonomy the author regards Sherrard’s identification 
as Retiograptus geinitzianus as incorrect. Sherrard’s description does not fit her 
specimens from this area and is obviously a composite of those specimens and 
others from Tomingly, N.S.W., with more emphasis on the foreign ones: for 
instance, her description of two apertural spines per theca, etc., which is not borne 
out by her plate (PI. 11, fig. 20). 

The graptolite compares well in overall dimensions to Retiograptus pulcherimus 
as described by Berry (1966, p. 445), differing only in the size of the sicula. 
However, neither Berry nor the authors of the species (Keble & Harris 1934) 
give sufficient description of this part of the rhabdosome for positive identification. 
Though only two whole specimens have been found at Cliefdcn Caves, no frag¬ 
ments any larger have been found, indicating that this is probably the mature size 
for the species, making it much shorter than the 12 cm length of R. pulcherimus. 
Though R . pulcherimus has only short spines distally (Keble & Harris 1934, 
Fig. 6 and PI. 22, fig. 1; Berry 1966, PI. 50, fig. 8) they become more common 
and prominent proximally, and close to the sicula are very similar to those of the 
two specimens here described. Unfortunately it is hard to decide the true affinities 
of R. pulcherimus from the published descriptions and figures. The figure of Keble 
& Harris (1934, PI. 22, fig. 1 and Fig. 6) appear to have the same components 
as O. hiimi , though with slightly different proportions, but the photo of the holo- 
type (Berry 1966, PI. 50, fig. 8) shows a more complicated assemblage of lists. 
This is probably due to compression in a half-profile view but until a three- 
dimensional model is attempted from this and other material its affinities must 
remain in doubt. 

So far there have been only two subspecies of O. hami erected, the original 
O. hami of Whittington and O. hami robustus of Skevington (1960). The grapto¬ 
lite here described differs from both of these to some degree but owing to the poor 
preservation no attempt is made to place it into a subspecies (4 thecae in Whit¬ 
tington’s and 6 to 7 in Skevington’s, compared to at least 12 here). A second 
difference is the much larger sicula in these specimens. Whittington described the 
sicula as 0 9 mm in length and reaching only to the third thecal pair (substantiated 
by Skevington) while here the sicula reaches a length of over 2 mm and reaches 
well into the fourth thecal pair. Lastly there are also some minor differences in 
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proportions of the various components but no attempt has been made to evaluate 
the significance of these. 
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Explanation of Figs. 1-5 

The drawings were made by inking in the details on photographs of the graptolites at a 
magnification of 10. These were then compiled into Figs, and reduced by half to give a final 
magnification of approximately five, except Figs, la (i)-(ii) and Fig. 2f. 

F . IG * Leptograpius eastonensis Keble & Harris, a. (i), (ii). Diagramatic representations 

°f l " e variation near the sicular end. Approx, by 2. b. No. 9633 (i). Proximal end showing 
slender sicular and initial thecae; (ii) distal fragment showing thecal variation, c. No. 9632. 
Proximal end. d. No. 9628. Proximal end showing long narrow tapering sicula typical of the 
species, e-g. Dicranograptus cf. D. kirki Ruedemann. e. No. 9637. Proximal end showing 
XSao f and ”! ecae °J the biserial portion. Thecae l l and 1- carry short mesial spines, f. No. 
9o. 8. Targe distorted specimen showing torsion of stipes and shape of uniserial branch thecae, 
one of which carries a mesial spine, g. No. 9639. Typical specimen showing thecae of biseriai 
portion. 

F i c * 2 ~r a ' C u DiceU °Sraptus minutus sp. nov. a. No. 9648. Broken specimen showing axil and 
shape of thecae, b. No. 9647. Badly preserved specimen showing the relatively large spines 
on the first thecae, c. No. 9646. Badly preserved but shows spines on first and second thecae, 
apertural and mesial respectively, d-g. Dicellograptus elegans Carruthers. d. No. 9649. Typicai 
specimen (Sherrard 1953. PI. 10, fig. 5) showing different preservation of the stipes. ‘Right 
thecae, e. No. 9650. Typical poorly preserved specimen showing marked shape, f. Sherrard’s 
specimen (Sherrard 1953, PI. 10, fig. 5) showing different preservation of the stipes. ‘Right 
hand showing true shape, ‘left hand’ showing Sherrard’s interpretation, g. No. 9653. Large 
specimen showing typical spines on first thecae, slowly tapering sicula. and general shape of 
thecae along the stipe. y 

Fig. 3—a-c. Climacograptus tubuliferus Lapworth. a. No. 9670. Typical large specimen showing 
the broad membrane surrounding the virgula within the polypary, extending past the distal 
end and suiTounding most of the virgella. Note the sharp geniculation of some of the thecae 
which could have been responsible for the identification of Amplcxograptus from the area 
(9672 and 9673). Typical smaller forms with the central membrane developed best in 
9672 where it covers most of the virgella and at the distal end rapidly broadens, d-c Climaco- 
praptiis bicorn is (Hall), d, e. Two specimens with spines diagramatically exaggerated in size 
f. Climacograptus cf. C. supernus Elies and Wood. f. No. 9657. Only specimen with spines 
diagramatically exaggerated in size. g-i. Climacograptus fusiformis sp. nov e No 9664 
holotype Large individual showing typical half-profile view distally but biprofilc view 
proximally. Broad virgula may be seen within the rhabdosomc. Slight tapering distally notice¬ 
able, but specimen incomplete, h. No. 9666. Narrower, slightly bent specimen, showing the 
path of the virgula within the rhabdosome. i. Small specimen showing stout, curved virgella 
Fig 4—a Climacograptus tridentatus Lapworth. a. No. 9656. Only specimen showing virgula 
inside rhabdosome and three large, incomplete, basal spines with membrane, b-c Orthograptus 
truncatus raff ■ pauperattu ; Elies & Wood b. No. 9687. Typical, though badly preserved speci- 
men c. No. 9680. Slender form with thecae inclined at a lower angle than usual. Virgula 
visible within rhabdosome. Theca 1- has a mesial spine, sicula carries a short virgella. d-e. 
( rthograptus apiculatus (Elies & Wood), d. No. 9691. Typical specimen showing the path 
of the median septum, e. A more slender form poorly preserved, f-i. Orthocrantus ealenratus 
chncnsis sp. nov. f. No 9683. holotype. Slightly bent, showing parth of virgula, spines on 
both initial thecae and long curved virgella. g. No. 9685. Incomplete proximal end h. No 
9686 Incomplete proximal end. l. No. 9687. Incomplete distal end to indicate ‘the size 
reached. Shows the path of the virgula. 

^i [ (> ■ j* a ' d - Glyptograplns cf. G. tenuissimus Ross & Berry, a. Large specimen showing in¬ 
clined. curved sicula, no basal spines, b. Typical broad form. c. Typical narrow form showing 
virgula within distal end and extending past it. One basal spine prominent, d. Typical specimen 
with the virgula seen at times within the rhabdosome and extending past it. Both of the basal 
™ ^r spmcs and the sicula has a stout virgella. e-f. Diphgrapius ingens wellingtonensis 
"JSS * ^ e ' v°,u f u ® a . d * y preserved specimen but showing thecal shapes and 

variation along stipe. Path of the virgula can be seen within the rhabdosome f No 9659 
bhghtly larger specimen showing slight prolongation of virgula. g-h. Orthor,-Halites cf. 6 
^ S '■ F ‘ SUred sp f cimcn of Sherrard 1954. PI. II, fig. 20. showing long curved 

sicula, stout, drooping apertural spines and the general pattern of the lists, h No Mf/25 

" U -Tk’' SllghlIy mo I c J un * ,led specimen. A broader specimen with longer aper¬ 
tural spines. Ihecae appear to be inclined at a slightly higher angle than those of c i-i 

wh Jt eld ! ( . Ha,I) ; t N <\ ? 66L Typ^al specimen Sowing medfan septum 

11 y displaced by torsion of the rhabdosome. The apertural spines are not large, j No 
median septum and showing thecal apertures drawn out into 
denticles, most of which are large enough to be called spines. 
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Annual General Meeting on 13th March, 1969 and managed the affairs of the 
Society. 

President: Mr E. D. Gill 

Vice-Presidents: Mr A. Dunbavin Butcher, Mr L. Adams 

Immediate Past President: Dr P. G. Law 

Hon. Treasurer: Professor J. D. Morrison 

Hon. Librarian: Dr J. G. Douglas 

Hon. Secretary: Professor A. B. Wardrop 

Hon. Editor: Professor J. W. Warren 

Hon. Assistant Secretary: Mr D. S. Woodruff 

Hon. Research Secretary: Professor M. J. Canny 

Hon. Development Manager: Dr G. A. Sklovsky 


Council — 

Mr V. G. Anderson 
Sir Robert Blackwood 
Mr J. H. Chinner 
Mr H. C. Chipman 
Professor J. M. Cowley 


Dr B. D. Cuming 
Mr G. A. Kaufmann 
Mr A. E. Perriman 
Dr D. Spencer-Jones 
Professor J. M. Swan 


The resignations from Council of Professor P. J. Fensham in March, of Mr 
D. S. Woodruff in August and of Professor J. M. Cowley in December, were 
accepted with regret. 

Council met eleven times during the year. 

Committees of Council. The following Committees met during the year: 
House, Programme, Development, Library. 

Meetings and Lectures. During the year, ten ordinary and one Special 
meeting were held. A symposium on ‘Pollution’ was held jointly with the Australian 
Conservation Foundation. 

March 13 —‘The Search for an Evolutionary Philosophy of Man’, by Professor 
R. D. Alexander. 
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April 10 — 1967 Royal Society Medal Lecture ‘Applications of Radiocarbon 
Dating in Victoria’, by Mr E. D. Gill. 

May 8—‘Medical and Legal Aspects of Abortion’, by Dr James Smibert. 

June 12—1968 Presidential Address, ‘National Problems in Tertiary Educa¬ 
tion’, by Dr. P. G. Law. 

July 10 — Lecture, ‘Some Aspects of Research in the Department of Zoology, 
Monash University’, by Professor J. W. Warren. Research Papers: ‘Beech ( Notho - 
jagus cunninghamii Oerst), on Wilsons Promontory’, by Miss T. M. Howard; 
‘Revision of the Columbariidae’, by T. A. Darragh. 

August 8 — (Special). ‘New Hebrides Prehistory’, by Professor R. D. Shutler. 

August 14—‘Minerals and Mining Development in Australia’, by Mr Haddon 
S. King. 

September 3—Symposium on ‘Pollution’ held at Clunies Ross House, jointly 
with the Australian Conservation Foundation. 

September 11—‘Developments in the Flight of Man in Space’, by Wing- 
Commander L. N. Walsh. Films ‘Walk in Space’ and ‘Apollo 10—Prelude to Moon 
Landing’ were screened. 

October 9—1968 Royal Society Medal Lecture. ‘The CSIRO Atomic Ab¬ 
sorption Project’, by Dr Alan Walsh in the presence of the Society’s Patron, His 
Excellency Sir Rohan Delacombe, and Lady Delacombe. 

November 13 — Soiree. Film ‘The Echidna’, Lecture on the Echidna by Dr 
E. H. M. Ealey, and exhibits by CSIRO Division of Chemical Physics, Department 
of Fisheries and Wildlife, National Resources Conservation League, and Geology 
Department, University of Melbourne. 

December 11—West Gippsland Regional Symposium. 

Attendances at Ordinary Meetings of the Society totalled 965, and 600 persons 
attended the Joint Symposium on ‘Pollution’. 

Membership — During the year, 44 new Members and one Associate were ad¬ 
mitted to the Society and nine resignations were accepted. Membership at 28th 
February was: Hon. Life Members 2, Life Members 22, Members 459, Country 
Members and Associates 92. Total, 575. 

Council recorded with deep regret the deaths of the following Members: Dr G. 
Anderson, Mr R. A. Gladwell, Dr J. Monahan Lewis, Mr A. R. L. Wiltshire, 
(Trustee), and Mr V. G. Anderson. 

Valentine George Anderson was born in 1885 and finished his professional 
training at the Ballarat School of Mines in 1903. His early employment was in 
teaching and in chemical analysis for the Inspector of Explosives and the Mel¬ 
bourne and Metropolitan Board of Works. In 1910 he joined Mr D. Avery, as 
analyst and in 1915 they set up the firm of Avery and Anderson, Consulting 
Chemists, with which Mr Anderson was associated until his death in 1969. 

He delivered at the University of Melbourne over many years, a series of lec¬ 
tures on Applied Chemistry. 

Among a very wide range of interests, particular mention should be made of 
his work dealing with availability and quality of supplies of fresh water in Australia. 

He was an original member of the Royal Australian Chemical Institute and 
one of its first Fellows, and was President of the Institute in 1947-48. 

He was elected a Fellow of the Royal Institute of Chemistry in 1943. 


ANNUAL REPORT 


307 


He became a member of the Royal Society of Victoria in 1943, was a member 
of Council from 1950 to 1969, and President of the Society in 1957-1958. 

Proceedings —During the year the Society published Volume 82, Parts 1 and 
2, and Volume 83, Part 1, of Proceedings at a total cost of $12,091. Council ack¬ 
nowledges with gratitude contributions towards the cost of publication from the 
Universities of California, Melbourne, New England and Queensland, the Austra¬ 
lian National University, the Trustees of the National Museum of Victoria, and 
Hematite Petroleum Pty. Ltd. 

Library —2,450 volumes and parts were received during the year, mainly 
from exchanges with 62 Australasian and 270 overseas organizations. 453 items 
were borrowed from the Library (475 in 1968). 

Hall —In addition to the Society and the R.C.O.G., 24 professional and 
other bodies held 70 meetings on the premises, compared with 122 in 1968. 

Repairs and improvements were carried out during the year at a total cost of 
$900. Repairs to the cottage cost $152. 

Financial Statement. As explained in the Honorary Auditor’s report, the 
Society’s Accounts are now set out in the form of a Balance Sheet and Statement 
of Income and Expenditure. 

As in the past few years, the cost of publishing Proceedings consumes a major 
part of the Society’s income. Income from subscriptions has improved, but with the 
availability of other lecture space in Clunies Ross House, rentals of the Hall to 
other bodies have decreased. 

By a policy decision of Council, progress has been made in the conversion of 
some of the Society’s holdings of securities into better interest-yielding deposits. 
This has already materially increased the income from investments. 

A full time Executive Officer was appointed in 1969, and this has permitted 
the establishment of the Society’s transactions on a more orderly basis. This 
officer has actively prosecuted the sale of publications and has increased the 
revenue from this source markedly. 

Taken overall, the income and expenditures of the Society continue to main¬ 
tain a precarious state of balance, and untiring effort will be needed to improve this 
situation. 

Many persons and organizations have assisted the Society during the year, and 
Council, on behalf of the Society, expresses its thanks to them: Sir Ian Potter (Hon. 
Financial Adviser), Mr T. C. Boehme (Hon. Auditor), Mr F. Suendermann (Hon. 
Architect), Phillips Fox and Masel (Hon. Solicitors), the Parks and Gardens 
Department and the City Engineer’s Department of the Melbourne City Council 
and Mr and Mrs A. Sadik. 

This Report has been accepted by Council for submission to the Annual 
General Meeting on 12th March 1970. 

E. D. GILL, 

President 


BALANCE SHEET AT 31st DECEMBER, 1969 


308 


ANNUAL REPORT 



V. 


% 8 

2 2 
« § 
o ^ 


Q 


*a 

a> 


a 

CO 

c/3 


*2 2 
<D <-• 


rt <2 
O 

^ +-» 
O 

a> <l> 
•P-C 

•*- CO 

r5 ° 
^ c 
rt « 

*C «« 
oCQ 

£« 

«* g 
o * 

>*rt 

.s> >» 

o w 
o rt 
CO.^ 

*rt u 
>» O 
o ^ 
*-* 
^ c 
« 3 

J3 O 
■*- o 

o< 


C/3 


O 


•OW • 

o . Q£ 

c 3 

Oi C3 C£ 

.2 « & 


C« w a> 

<u « j2 

I 

to 

c >, « 

• — ♦-« > 

- w 

*5 gu g 
>^T2 g 
««°w 

S’Sfiga 

M«w O'S^ 


£ 3 

°s 

O T 3 
O C 

* & 

cW 

C3 

§ s 

3g 
« 6 
< o 


J2 $ 

§J 

CQ rt 

O 03 

•S-o 

o-o 


•g s. 

§« 

T3 rt 
«.Q 
o _ 
3^2 
T3 g 
C 

O - 
O On 
«n £ 

>2 
rt ^ 

^ uS 
2^2 


— o ", 

O °'° B w 

-C n o 5 u 
w o*-2c 

*3 r“ *3 
°'g w3 a 

£ a-S 

°_“3 rt 

o *2 c 5**0 

gg^s 

C rt TJ 0) JC 
rt C C > _ 
i3<c « « g 

,§.s£~ a 

o SP 

co»*-4 3 P -3 

•H°p-§ 

3^ e oS 

<l> -2 03 w o 
u > J3 o > 

Jw. - 

r; rt o ^ o 
g-a* E* 
8^1° 
|85isJ 

**D 03 ~ £ *£ 

§.3.1 £ « 

iS|&f 1 
;< 2 > 
*g "’§ rt o 

§ i*co cv£ 

Org O O £ 
£^2*13 <8 

S £> «*- § £J 

G C O ” 3 
rt 2 . 2*0 

° m S «.2 

u — Oi b -rj 

E *o »2 « 

s a «- s & 

•2 u o 
Won J3H 

VO *G w rt 

gO! d> 

•s^.s « > 

c uT E *3 js 

Q <u rt o 
.2 JD X > TJ 

r «i ’rt r-» 


2 E *!§ S c 


t* <U -3 

oQ E 
a. o 

~cr,Q 


P Q ? 2 

=2|S| 


•X3 

25 

S* 

< 

U 

b 

W* 

S 

X 

w 

o 

CQ 

u 

H 


c 

to 












STATEMENT OF INCOME AND EXPENDITURE FOR THE YEAR ENDED 31st DECEMBER, 1969 
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Corrigendum: Amphibia of East Gippsland , by M. J. Littlejohn. Proc. Roy. Soc. Viet. 82: 
105-112 (1969). 

Uperoleia marmorata , an exclusive eastern Bassian species was omitted from Table 1. The 
anuran fauna of East Gippsland thus comprises 20 forms, of which 13 are considered to be 
Bassian. 
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